United States Patent 

Frerking 



US005649286A 
[U] Patent Number: 
[45] Date of Patent: 



5,649^ 
Jul. 15, 1997 



[54] METHOD FOR MANAGING THE 

REGISTRATION OF A WIRELESS UNIT 

[75] Inventor: Melvin Duane Frerking, Ncraoss, Ga. 

[73] Assignee: BeHSoutfa Corporation, Atlanta, Ga. 

C21] Appl. No.: 339302 
[22] Filed: Nov. 14, 1994 

[51] Int CL* H04Q 7/22 

[52] U.S. CL 455/435 

[58] Fidd of Search 455/33.1,33.2, 

455/54.1, 54.2, 56.1. 34.1; 379/59, 60 

[56] R<feraices Qted 

U.S. PATENT DOCUMENTS 



FOREIGN FATEHT DOCUMENTS 



4,178,476 


12/1979 




179/2 


4,644,351 


2/1987 


Zabarslcy et aL 


340/825.44 


4,658,416 


4/1987 


Tanaka 


379/57 


4,670,905 


6/1987 


SandvDS et al. 


455/33 


4,700,374 


10/1987 


Bini 


379/60 


4.723,264 


2/1988 


Sasutaetal. 


379/58 


4,737.978 


4/1988 


Boike et al. 


379/60 


4,747,122 


5/1988 


Bliagatetal. „ 


379/57 


4,748,655 


5/1988 


Thrower et al. 


379/60 


4J75.999 


10/1988 


WiHiams .«...«. 


379/59 


4,814,763 


3/1989 


Ndson et al. » 


340/825.44 


4,827,499 


5/1989 


^^etal. 


379^8 


4,833,701 


5/1989 


Comroe et al. . 


379/60 


4.833.702 


5/1989 


Shitara et al. 


379/60 


4.901,340 


2/1990 


Paikeretal. ... 


379/60 


5,428.815 


6/1995 


Grebe .» 


455/56.1 


5,513380 


4/1996 


Ivanov et al. ... 


455/56.1 


5.524,136 


6/1996 


Bar-Nay et al. 


«. 455/33.1 


5,548,816 


8/1996 


DeVmcy 


455/56.1 



90912460 
91^0322 
93104965 
W093A)6685 
W094/13U4 



8/1990 
9/1991 
3/1993 
9/1992 
11/1993 



EQr(^>eaa Pat Ofi: . 
Europeaii Pat. Off. , 
Eoropean Pat. Off . 
WIPO. 
WIPO. 



Primary ExaTmner—Sdwdid P. Urban 
Attorneys Agent, or Firm—Jojscs & Askew 



[57] 



ABCTRACT 



A method for managing the registzation of a wireless com- 
munication unit in a wireless communication system serving 
a geographic area divided into cells. Each cell transmits a 
unique identificatioD signal containing a hierarchy of inf o-- 
mation regarding the spatial relationship of the cell to other 
cells of the service area. A wireless communication unit is 
provided with a mn siring factor whose value depends on the 
relative mobility of the unit, communication frequency, and 
system in&astructure and resources. The unit uses the mask- 
ing factor to determine a sigmUcant pc^on of each identi- 
fication signal received by the unit As the wireless comr 
munication unit moves through the service area, this portion 
of the identification signal of the ceU of the unit's location 
is compared to the corresponding portion of the identifica- 
tion signal of the ccU where the onit last registered. The 
con^arison is made to detennine whether a presdected 
relationship exists between the cell of location and the cell 
of last registration. The wirdess communication unit regis- 
ters only upon deterroinatioii that the preselected rdation- 
s\np exists, thereby minimizing the number of times the 
wireless communication unit registers but without sacrific- 
ing the efficiency of commnniration delivery. 
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METHOD FOR MANAGING THE amount of channd airtune available to complete other calls 

REGISTRATION OF A WIRELESS UNIT and messages, and thus reduces the effective capacity of flie 

overall wirdcss communication system. Time is lost and 

TECHNICAL MKl . D calls are ddaycd by paging for a wireless communication 
Tic present invention rdatcs gencraUy to wirdess com- ' ""^ thioughout mi entire sexvice area. Delayed oHs dis- 
munication systems, and more partiadarly relates to a courage p«5)le from usuig wiickss comimMon sa- 
... . ■' ' , yoLia-uLOLKy icwua lu a discouiagement, in tnm, n(^vely affects wire- 
method and apparattis for^^nmaging the reguaration of j^, cdmmimicalion service revenue, ^steir^wide paging 

wn:clcss commumcation imits m a wireless communicatLon i • «_ * *. i- j 'x-l- ^'~»~«> 

» also consumes infrastructoie signaling and switching system 

^ ™* . 10 computing resources, 

BACKGROUND OF THE INVETOON Wireless communication systems using the NOTth Ameri- 

„^ , .... can system provide for automatic registration of the location 

\S^dess comn^aition systems arc growmg m size and ^ ^^^^ communication unit when the unit is first 

numberandareattractmgeverlarganumbffsof subscri^ ^„ ^ ^j^^ the unit first enters the service area of a 

for innovative commimication services. The nsc m iht foreign wireless communlcalion system. A *toreign" system 

numb^ of subscribers is welcomed and is much sought by herein as a wireless communication system oth<x 

ic^ective wncless commumcation systems. Yet^ an mcrease ^^an the system ftom which service is subscribed by the 

m the nmnber of subscrxbccs presents problems in mmntaio- subscriber using the wireless communication unit A unit 

ing a consistent level of quahty commumcation services at ^^^g ^ ^ ^^^^ ^^^^^ ^^^^ 

ow cost 20 to 3S a roamer. Automatic registration procedures generally 

One service field particularly affected by an increase in <io not track or locate a wireless communication unit after its 

the number of subscribers is the procedure used to locate initial registration with the system. Thus, if a wireless 

wireless communication units operating within the service communication unit does not respond to a page made to its 

area of the system. A wireless commnnication unit must be location of initial registration, the unit must be paged in each 

located in order to deUver a call or message to the unit The ^ of the cells of the service area untH it is found or until the 

difllculty in locating a unit stems from one of the chief system is satisfied that the unit cannot be found, 

advantages of a wirdcss communication unit T^e unit may yet another problem with NorA American system-wide 

be anywhere within ca- without the service area of the paging is that a wireless communication unit located outside 

its "home" wireless communication service area (a 
One method used to locate a wireless cwnmunication unit 30 '*roamei^) will not receive or *'hear'* the page broadcast 
is the North American cellular system, which is used gen- within its own service area. Generally, a roamer is not paged 
eraily by the cellular tdephone systems operating in North in the foreign wireless communication area unless certain 
America. Pursuant to the North American system, the wire- conditions have been satisfied. The first condition is that the 
less communication system recdves periodic identification subscriber must have registered the presence of the wireless 
information (referred to as registration) firom a unit operat- 35 communication unit with the foreign wireless communica- 
ing within the service area. Registration provides the system tion system. This condition may be satisfied by a feature 
with an indication that the unit is active and the relative available in certain wireless comnumication systems known 
cellular location of the unit However, registration does not as autonomous registration. This feature allows a roamer to 
provide the wireless communication system with informa- register automatically when entering another system. The 
tion regarding the jffospective movement of the unit within 40 second condition that must be satisfied is that the home 
or without the service area. To locate a unit pursuant to the system must know the whereabouts of the roaming sub- 
North American system, the wirdess communication system scriber. In some wireless communication systems, th^ sec- 
pages the last known cellular location of the unit If the unit ond condition is satisfied by an information exchange 
does not respond to the page at the last known location, the between the home and fcrdgn systems. By this exchange, 
system pages for the unit in other cells of the system until the 45 the fordgn systan provides the home system with informa- 
imit responds or until the system is satisfied that the unit Qon regarding the forwarding of calls to the subscriba 
cannot be found. roaming in the fordgn system's service area. There are 
The North American system of locating a wireless com- established procedures f<a paging the subscriber through tiie 
municadon unit is hindered by its general lack of informa- facilities of the fcrdgn wireless communication service if 
tion with respect to the movement and location of the unit 50 these conditions are satisfied. However, a roaming 
This lack of information greatly increases the number of subscriber, especially one on the border of the home service 
pages that the wirdess comnmnication system must send area, may traverse the home system/fordgn system border 
and the number of cells that the system must check for the numerous times in a single day. Each entry into a different 
sought-after unit This lack of information also prohibits the service area requires a new registration. A subscriber thus 
devdopment of subscriber movement profiles and other 55 may quickly tire of rc-registcring, or may not be aware of the 
useful methods which would increase the eSdency of the need to re-register. 

system in locating the wirdess comnounication unit of a Another naethod used to locate a wirdess communication 

particular subscriber. unit is the Global System Mobile C'GSAT ) system, which is 

Another problem with the system-wide paging approach used generally by the digital cellular systems operating or 

is its so-called ''system overhead**. System-wide paging 60 scheduled to be deployed in Europe, Australia, New Zealand 

consumes an inordinate amount of network resources in and in parts of the Orient Id sum, the GSM sy^em keeps 

locating a wireless communication unit Each page made in track of wirdess communication units within the service 

every cdl of the service area increases tiie amount of radio area by requiring each wireless communication unit to 

signaling channd airtime required to locate the wireless register its location every time the unit moves into a different 

communication unit so that a telephone call <x message can 65 division of the service area. Tlie geographic area served by 

be conq)leted. An increase in the amount of channd airtime a wirdess ccmmimicatLon system using the GSM system is 

required to locate a wirdess communication unit reduces the divided into geographic areas referred to as mobile switch- 
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ing center (MSQ location areas, which in turn are subdi- communication unit with the same three divisions, but in 

Yided into cells. Each of the MSG location areas, as wdl as reverse order. Hiesc five or six registrations take place every 

each of the cells, is assigned a unique identification number. workday, even if the subsciiba's pattern of travel never 

The identification numbers are broadcast periodically over varies. 

the signaling channds of the respective geogr^hic division 3 noted, the popularity of wirdess communication ser- 

of the wireless communication service area. yjce continues to increase, and the inq)lementatioQ of more 

In operation, each wireless communication unit monitars wireless oonmuinication systems is planned. Continued 
the strongest signaling channel of the geogr^hic division development of wireless comnuznication service includes 
wherein the unit is located. In particular, the wireless com- plans for greater numbers of wireless communication units, 
munication unit monitors the signaling channel for the MSG greater numbers of divisions within a wireless communica- 
identification number and for tel^hone call and message tion service area and smaller sized divisions. The increases 
signals directed to the unit When a wireless communication in the number of wireless communication units and cells, 
unit enters a new geographic division of a wireless commu- together with the reduction in the average size of the 
nication system using the GSM system, the unit notes the divisions, exacerbate the problems described above in con- 
new identification number broadcast over the division's nection with the location and tracking of a particular wire- 
signaling channels. In response to the new identification less communication unit within the service area, 
number, the unit registers its presence within the division. In Continued development of wireless communication ser- 
tiiis manner, the location of any particular wireless commu- vice also includes plans for reduction in the physical size of 
nication unit within the service area is known. wireless conununication units. Although smaller wireless 

There are several disadvantages to the operation of the ^ conmmnication units may be easier to handle and more 

GSM system in locating wireless conmuinication units versatile in terms of storage space, a smaller wireless 

witiiin a service area. One of the principal disadvantages is communication unit reduces the amount of space within the 

that the geographic segmentation of the service area into wireless communication unit dedicated to the battery or 

MSG location areas and cells is relatively fixed. Changing other energy source, ttiereby limiting the available talk time 
the geographic segmentation arrangement is difficult Yet, ^ and standby or listen time before recharging or rq)lacing the 

finding an optimum formula for the geogr^Mc segmenta- battery. Hius, a small wireless communication unit has only 

tion of a wireless communication service area is problem- a limited capacity to make and receive telephone calls or 

atic. For example, the requirements of the subscribers widiin messages. This limited capacity is quickly consumed if the 

the area may change with time, thereby affecting the opti- wireless conmmnication unit is required to frequently rcg- 

mum size of any particular geographic segment of Hit ister its location with the wireless communication system, or 

service area. Sizing geographic divisions too small results in to frequently acknowledge pages from the wireless commu- 

an unnecessary amount of registrations by wireless comnui- nication system 

nication units entering a particular division. Too many Accordingly, there is a need fcx" a wireless conomunication 
registrations unnecessarily burden the wireless communica- management system that can locate a wireless communica- 
tion system infrastructure and block or delay the completion tion unit without paging for the unit throughout the entire 
of telephone calls or messages. service area, and that allows for the minimization of the 

It is possible to program a unit to automatically register number of times a unit is required to register its location with 
after a predetermined amount of time has passed since its the wireless communication system, 
last registration or subscriber communication. However, ^ _ 
with an automatic registration system, frequent wireless SUMMARY OF THE INVENTION 
communication unit registrations increase the transmit time Stated generally, the present invention is a method and 
of the units, thereby draining the energy source of portable apparatus for managing the registration of a wireless com- 
er self-contained units. This depletion of the energy source munication unit in a geogr^hical area served by a wireless 
cuts into the amount of tinae available for the subscriber to communication system. The geographic area serviced by the 
place tclq)hone calls, deliver messages or receive same. system is divided into cells with each cell having a base 
This negatively affects wireless communication service rev- station. A wireless conununication unit operating in the 
enue because it reduces the amount of time that a subscriber service area receives a control signal from the base station 
has available for placing or receiving calls or messages. of a first cell and registers in the first cdL Upon relocating 

If the wireless communication service area is divided into 50 to a second cdl, the wireless communication unit receives a 

too few geographic divisions, the GSM system encounters control signal from the base station of a second cell. The unit 

some of the same disadvantages of the North American conqiares the control signal of the first cell to the control 

system. Too few divisions within a wireless communication signal of the second cell and determines on the basis of the 

service area can delay or block telephone calls or messages comparison whether the first cell and the second cell exist in 
because the particular unit has to be paged in each of the 55 a preselected relationship. If the preselected relation^p is 

many cells of the service area. This unnecessary paging present, then the wireless communication unit registers in 

consumes signaling channel air time, thereby delaying and the second cell. If the preselected relationship is not present, 

bloddng other calls. the unit does not register: By conditioning the unit's regis- 

As a result of the use of fixed geographic divisions, flie tration in the second cell on a preselected relationship 
GSM system loses flexibility in accommodating different 60 between the first and second cells, the number of times tiie 

types of subscribers and in developing subscriber profiles. wireless conamunication unit refers with a cell in the 

For example, under the GSM system, a subscriber who system is reduced. Yet, the system is able to deliver a 

travels the same way to work cadi day through three communication to the unit quickly without the necessity of 

geographic divisions of a wireless cotmminication service looking for the unit throughout the entire service area of the 
area using the GSM system has to register the wireless 65 wireless communication system. 

communication unit in each of the three divisions traversed. In particular, the service area of the wireless communi- 
on the way home, the subscriber registers the wireless cation system preferably is divided into cells. A selected 
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nmnber of adjacent cdls are grouped to form a larger In one embodiment of the present invention, the wireless 

geogr^hic area dencHiiinated a cluster, and a selected num- commumcation unit canq)ares the respective identification 

ber of adjacent clusters are grouped to fonn a larger geo- signals of the first and second cells to obtain a product A 

graphic area denominated a supercluster. Alternate divisions masking fector is applied to the product to determine a 

of a service area are possible to suit tiie particular wireless 5 portion of the produi^ In this embodiment, the wireless 

communication system requirements. For exany)le, each cell communication unit d^ermines that the preselected relatioa- 

may be assigned sectors or tb& supo-dusten may be grouped shq) exists between the first and second cells when the 

to form a super-siq)ercluster depending upon the needs of the portion of the product is of a predetermined value. Thus, the 

wireless comnmnication system. Ftnther, the present inven- wireless communication unit registers in the second cell if 

tion provides a hiaarchical numbering plan by assigning 10 product is of the predetermined value. The wireless 

unique identification signals to the geographic divisions of communication unit does not register in the second cell if the 

the area serviced by the wireless comnmnication system. product is not of the predetermined value. 

Eadi cell is preferably assigned a unique identification wireless communication unit registers in the 

signal pursuant to the hierarchical number plan. A cell's second cell, the unit then substitutes the identification signal 

identification irignal comprises sections v^^iich indicate the 15 of the second cdl for the previously stored identification 

spatial relationship of the cell to other cells of the service signal of the first ocU. In this manner, the wireless commu- 

area of the system. Through a base station, eadi cell trans- nication unit always conqjarcs tfie identification signal of the 

mils its unique identification signal as part of the cell's cell where the unit is located to the identification signal of 

control signal. Preferably, a wireless conmmnication unit cdl where the unit last registered. Fcr exan^)le, if the 

receives an identification signal from the base station of a 20 ^™lcss communication unit relocates to a third ceE, the 

first cell and registers with the first cell. Upon relocating to pertinent portion of the identification signal of the third cell 

a second cell, the wireless communication unit receives an compared to the pertinent portion of the identification 

identification signal from the base station of the second cell sigaai of the second cdl in order to detomine whether the 

The unit compares the identification signal of the first cdl to ™^ register with the third celL 

the identification signal of the seccmd cell and determines on 23 ^ ^ embodiment of the present invention, the wirdess 

die basis of the conqjarison whether the first cell and the communication unit determines whether a preselected time 

second cell exist in a preselected relationship. The jn^e- has passed since the most recent registration of the unit in a 

lected spatial relationship between the first cdl and the cell of the system. If the presdected time has passed, then 

second cell corresponds to the allowed change in location in the wirdess communication unit registers in the cdl of the 

the service area of the wirdess communication unit without 30 unit's locatiorL In this manng, the wireless communication 

registration. If the preselected rdationsh^ exists, then the unit provides the system with information as to die unit's 

wireless communication unit registers in the second cdL If general location in a cdl of the system. In another 

the preselected rdationship is not present, the unit does not embodiment, the wireless communication unit also deter- 

register in the second celL mines wh^her a presdected time has passed since die most 

More particularly described, in comparing the identifica- 35 recent registration of the unit in a cell of a system. However, 

tion signal of die first cdl to the identification signal of the instead of registering in the cell of the unit's location, the 

second cell, the wirdess communication unit preferably uses wireless comnmnication unit substitutes a different masking 

a masking factor supplied to the unit by the system. The factor for the masking factor the unit was using in deter- 

value of the masking fector preferably d^nds on the mining whedicr to register with a ceUL The different niasking 

relative mobility of the wirdess coimnunication linit, fre- 40 generally operates to increase the likelihood of the unit's 

quency of communications directed to the unit, tempc^d registration with the system. 

considerations, and system infrastructure and resources. Ihe In addition, the present invention also provides for the 
unit ^plies the masldng factor to the identification signal of transmission of a different masking factor to die wirdess 
the first cell to provide a portion of the identification signd communication for use in determining whether to register in 
of the first cell, and applies the niasking factor to the A5 a cell of the system. Thus, if the system determines that die 
identification si^ial of the second cell to provide a portion wirdess communication unit registers too frequendy, the 
of the identification signal of the second cell. The wireless system transmiCs a different masking factor to the uqit so that 
communication unit performs the comparison between the die probability of the unit's registration is minimized, 
respective identification signals of the first and second cells Similarly, if the system determines that the wirdess oom- 
by comparing the respective portions of the identification so munication unit does not register enough* the system trans- 
signals revealed through use of the masking factor. In the niits a different masking factor to the unit so diat the 
prefeared embodiment, the wirdess communication unit probability of the unit's registration is increased, 
determines that a presdected relationship exists between the Registration of the wirdess communication unit in die 
first and second cdls when the respective portions of the second cell provides the system with updated information 
identification signals of the first and second cells are differ- 55 regarding the location of the wirdess communication unit 
ent If the respective portions are different, such difference within the geographic area of the system. Through 
indicates that the wirdess communication unit has rdocated registration, the system is able sdectivdy to maintain infor- 
to a cell outside the unit's "allowed" movement area. Thus, malion about the general location of a wireless communi- 
the wirdess communication unit registers in the second cell cation unit as the unit moves through cells of the service 
when the respective portions of the identification signals of 60 area. As a result, die system is able to cont^lete calls and 
the first and second cell are different If die respective deliver messages more efBdently and with a minimum 
portions are not different, then die wireless communication amount of consumption of netwcnk resources and system 
unit does not register in the second cdL In other words, if die overhead. A hig^ completion of wirdess communication 
corresponding portions of the respective identification sig- unit calls and delivered messages encourages people to 
nals are the same, the rdocation of the unit to the second cell 65 subscribe to and use wireless communication services, 
does not constitute a location change diat necessitates reg- which, in Cum positivdy affects wireless conunnnication 
istration by the unit in the second celL service revenue. A savings in network resources and system 
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overhead, otherwise wasted by paging for a wireless com- tion of wireless commimicatioQ units in a wireless commu- 

mimication unit throu^out the entire service area, also nication system and conserving network resources, 

positively affects wireless communication sovicc revenue. These and other objects, features, and advantages of the 

Radio signaling channel airtime is reduced and wireless present invention may be more dearly understood and 

communication sendee intostructure signaling and switch- 5 appreciated from a review of the following detailed descr^ 

ing system computing resources are conserved. tion of the preferred embodiment and by reference to the 

The selective aspect of registration allows the system to app^ded drawings and daims. 

minimize the number of times a wirdcss communication 

unit must register while maintaining information as to the BRIEF DESCRIPTION OF THE DRAWINGS 

general location of the >«^5s commun^^^ unit Nfini- lO diagram illustrating a preferred embodiment of 

mmng the nmnbcr of tmics that a umt has to register ^ inv^on. 

conserves the energy source of the wirdess communication ^ . ^ , .„ . ^ , ... ^ ^ 

unit. Minimizing the number of times that a unit has to FIG. 2 is a flow chart lUustratii^ the general method of 

Tcgista also conserves system infrastructure resources such operation of the prcfarcd embodiment 

as signaling channel air time, computer switching time and is FIG. 3 is a diagram illustrating the geographical division 

system overhead. of the typical service area according to the prefored 

The selective aspect ofregistration also allows the system embodiment 

to fomuilate and to apply a subscriber wireless communi- FIG. 4 is a diagram illustrating an identification signal in 

cation unit profile in tracking and locating of a particular its digital data stream form according to the prefecred 

wireless communication unit A subscriber may follow an ^ embodiment 

established pattern of wireless communication unit use FIG. 5 is a diagram illustrating an identification signal in 

which requires only a minimal number of registrations of the its digital data stream fonn according to the prefoied 

wireless communication unit A different subscriber may embodiment 

travd randomly througji the service area, and may require pjQ^ chart illustrating morc partiailar steps of 

frequent wirdess communication unit registrations for the ^^e general method of operation of the preferred embodi- 

systcm to be able to locate the particular unit quickly. The mcnt 

selective rc^tration feature of &e s)«tem is fl«ibk so as hG. 7 is a diagram iUustrating appUcation of a masking 

to accommodate a vanety of subsoibcr use profiles, and to ^ identification signal in accordance with the 

dynamically adjust to a subscabers changmg use ctf a preferred embodiment 
wirdess communication umt 

. , FIGS. 8a-6 are diagrams illusttatmg the step of conq>ar- 

Accordingly, it is an object of the presait mvention to . respective unmasked portions of two identification 

provide an unproved wireless commumcation registration '^^^ according to the preferred embodunent 

management system. « . , v.. .n *i_ ^ r 

, , . . , ^ . . ... FIGS. 9a-b also arc diagrams lUustratmg the step of 

It is also an object of die mvenUon to provide a method 33 ^ ^ ^he respective umnasked portions of two identi- 

and apparatus for keeping track of the locations of wireless ^^^^ ^f^^ according to the preferred embodiment 

communication umts m a wu-dess commumcauon systenL ,«T^ ^ Ti _r , , ^ ^ 

_^ . - , . , HG. 10 is a flow chart illustratmg alternate steps to the 

It IS ano&er object of the present mvenUon to provide a ^^^^ embodiment 

method and apparatus for managing the registration of *. ^ ^ 

wirdess comr^nkation units in a wirdess commmiication 40 /^^S. Uo^ are dia^ mustratmg the alternate steps 

system without the necessity of paging for a wirdess com- comparmg identification signab to obta^ a product and 

mnnication unit throughout eadi of the cdls or divisions of applying a masking factor to tiie product 

the wirdess communication service area. FIGS. 12a~c also are diagrams illustrating the alternate 

It is a further object of the present invention to provide a steps of comparing identification signals to obtain a product 

method and apparatus for managing Ac registration of 45 and of ^plymg a masking factor to the product 

wirdess communication units in a wirdess communication FIG. 13 is a flow chart illustrating the generd method 

system which minimize the numba- of times that a wirdess executed by the controller according to the prefored 

comnmnication unit is required to register its location with embodiment 

the system. FIGS. 14a-b are diagrams illustrating, respectively, the 

It is also an object of the present invention to provide a ^ effect of two m a sk ing factor choices on an identification 

method and apparatus for managing the registration of signd. 

wireless communication units in a wirdess communication FIGS. 15a-c also are diagrams illustratmg, respectively, 

system using profiles of wirdess communication unit use by the effect of three masking factor choices on an identification 

subscribers. ^ signd. 

It is another object of the present invention to provide a FIG. 16 is a diagram iUustrating flie logicd operation of 

method and apparatus for managing the registration of the preferred general apparams conc^irising a wireless com- 

wirdess conmiunication units in a flexible, dynamic manner munication unit in a wirdess communication system accord- 

to account for the features of the wireless communication ing to the preferred embodiment 

service and the requirements of the subscriber. ^ 

It is also an object of the present invention to provide a P^^^ ^;™ DESCRIFnON OF THE 

method and q)paratus for managing the registration of PREFHUtTO EMBODIM©n' 

wirdess communication units in a wirdess conmiunication Generally, the present invention compises a method and 

system even if a wireless communication unit roams outside apparatus for manflging the registration of wirdess comnau- 

its home wireless communication service area. nication units in a wirdess communication system sCTvidng 

It is anotho* object of the present invention to provide a a geographic area divided into spatially adjacent cells, 

method and apparatus for efficientiy managing the registra- Wirdess communication units indude persond tdecommu- 
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ideations devices that arc portable, and/or that are special- control 23 to a mobile telephone switching office (MTSO) 

ized for use in vehicles. Tbe tcnn *^vireless communicatioa 27 or switch. It is well known to those skilled in the art that 

unit" is used herein synonymously with the tenn *^bile a conventional wireless commmdcation system or CMR 

station*" in accordance with the industry standard definition service con^rises at least one MTSO 27 coupled to an 

that a mobile station is a Nation in the domestic public 5 appropdate anay of more or less identically equipped cells, 

cellular radio telecommunications service Intended to be MTSO 27 couples telephone calls and messages to the 

used while in motion or during halts at unspecified points. wireless communicatioo units fr<Hn tiie telephone lines of 

Electronic Industry Association/TsleooiDmunications Indus- the public switched tdephone network 26, and vice versa, 

try Association (EIA/TIA) Standard 553, Mobile Station- through a plurality of telq)hone lines or other transmission 

Land Station Compatibility Specification, page 1 — 1, Sept ^^^^^i"™ 28. In ihe present invention, MTSO 27 also is 

1989 (heremafter '*EIA/nA Standard 553"). The ETA/TEA connected to controllCT 50 through transmission medium 29. 

Standard 553 is incoqxirated herein by reference. Copies of Thus, by registering with cell 12b, the wireless communi- 

the EIA/nA Standard 553 may be obtained from the Engi- cation unit provides information as to its identity, location 

Qeering Department of the Electronic Industries Association, and unit type tiirough cell control 23, microwave link 24 and 

2001 Pennsylvania Avenue, N.W., Washington. D.C 20006. 15 MTSO 27 to controEer 50. 

U.S.A. Although the term 'Virdess communication unif* is As shown in FIG. 1, the control fiindions of the present 

used synonymously with the term ''mobile station." the use invention are executed by controller 50. The controller 50 

of the present invention is not limited to cellular systems. may be a computer or a system of computas as necessary or 

The present invention also may be used in comtectbn with desdred. The use of computers for perfGcming controller 

the Future Public Land Mobile Public Telephone Service 20 functions is well known to those skilled in the art Controller 

(FPLMTS), Personal Communication Services (PCS*s) and 50 receives information through cell control 23 and MTSO 

Enhanced Specialized Mobile Radio services (ESMR*s), 27 as to the presence (use) of and the registration of a 

and other wireless communication systems. wireless communication unit with a cell. Thus, through 

Referring now to the drawings, in which numerals receipt of presence and registration information, controller 

indicate like elements throughout the sevoal figures. FIG. 1 25 collects information from the cells regarding the ^>proxi- 

illustrates the preferred embodiment of the present inven- mate location and identity of active wireless communication 

tion. Generally, the geographic area serviced by the wireless units operating in die service area. I^efaably. controller 50 

communication system employing the present invention is evaluates the wireless communication unit information, and 

divided into spatially adjacent geograf^c areas known as provides subsequent registration instructions, as necessary, 

cells, such as cells 12a, I2b shown in FIG. 1. Additional 30 ^ ^® wireless communication units. Evaluation of the 

infnrmfltinn regarding the geographical division of the ser- registration information by controller 50 is based, inter alia, 

vice area is discussed below in connection with FIG. 3. on wireless communication unit user profiles and on relative 

Each cell has a base station 21 to provide radio commu- mobility of the wireless conomunication units. More particu- 

nicatioDS to wireless communication units active in Ae cclL l^r information regarding the controller and evaluation of 

The use of Iwse stations in wireless conununication systems 35 registration infonnation is disclosed in connectioa with FIG. 

or ceUular mobile radiotelephone (CMR) services is well ^3. 

known to those skilled in the art The term "base station" is In particular, controller 50 uses registration information to 

used herein synonymously with the term *land station** ia minimize the number of times a wireless commu nicatioD 

accordance with the industry standard definition that a land unit registers with a cell in the service area without losing 

station is a station in the domestic public cellular radio 40 track of the wireless communication unit or having to search 

telecommunications service, other than a mobile station, for the unit tiiroughout the entire scrvioc area. Minimizing 

used for radio conununications with mobile stations. EIA/ the number of times a unit registers conserves the battery or 

TIA Standard 553, page 1 — 1. As illustrated in FIG. 1, base other energy source of the wireless communication unit It 

station 21 preferably includes broadcast antenna 22, cell also conserves system infrastructure resources such as chan- 

contFol 23 and a transmission medium or Hnk- 24 such as a 45 uel air time, corx^uter switching time and transmission link 

microwave data linfe"- The transmission medium 24 may capacity. 

comprise other communications technologies such as fiber In the present invention, registrations and the time spent 

q>dcs, coaxial cable, or copper pairs. IVpically, the base looking for a particular wireless comnmnication unit are 

stations use low power transmitt^ and coverage-restricted minimized by the preselection of a spatial relationship 

receivers. Thus, when car 25 equipped with an operating 50 between cells of a service area tiiat necessitates registration 

wireless communication unit first enters cell 12b, the wire- of the wireless conmiunication unit if the unit is moved firom 

less communication unit establishes communication witii one of the cells in the preselected relationship to the othet 

cell control 23 of cell 126 through a process referred to as For example, a partioilar spatial relationship between cells 

registration. Pertinent details of registration according to the is {deselected by the system fcr use by a wireless commu- 

fffesent invention are described below in connection with 5s nication unit in determining whether to register: If the unit 

FIG. 6. The term **registration" is used herein in accordance moves between cell "A" and cell **B", and if cell "A** and 

with the definition of that term generally understood by cell **B" exist in the preselected reLationshq) with respect to 

those skilled in the art and as set by the standards adopted each other, then the unit registers in cell "B**. The system 

by the ELVTIA. In particular, registration is defined as the preselects a spatial relationship for each wireless conunu- 

stcps by which a mobile station, such as a wireless commu- 60 nication unit so as to minimize the registrations of that unit 

nication unit, identifies itself to a land station as being active and to minimize the amount of time spent by the system in 

in the system at the time the message is sent to the land locating the unit when a communication must be conveyed, 

station. EIA/IIA Standard 553, page 1-4. The selection of a spatial relationship may be changed as the 

Through registration, the wireless communi cati on unit factors influencing the choice of the relationship change, 

provides cell control 23 with information includmg the 65 There are many factors involved in selection of the spatial 

unit's subscriber code. Ihe registration information is trans- relationship. One principal factor is the travel pattern of the 

mitted over the transmission medium 24 from the cell wireless communication unit If tiie unit is relatively con- 
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fined to one general area, the system may select a relation- As further shown in HG. 2, after the wireless mmmnni- 

ship between cells that requires the unit to travel outside this cation unit registers, at step 34 the unit monitors the control 

area prior to initiating a registration. In this way, the system channel of the cell where the unit is located. Eadi base 

minimizes the number of times the unit registers. station typically broadcasts at least one control channel (also 

Another pnnc^>al factor involved in selection of the 5 called a paging, access or signaling channel) and several 

spatial relationsh^ is the amount of communication traffic voice channels. The tenn "control channel" is used herein in 

handled by a wireless communication unit If the unit accordance with the industry standard definition that a 

receives few communications, the system may select a control diannel is a diannel used for ttit transmission of 

relationship b^een cells that permits the unit to travel digital control infonnation from a land station to a mobUe 

relatively widely in the servdce area without a registration. If station or from a mobile station to a land station. EIA/HA 

the unit recdves many communicatioos, the system may Standard 553, page 1 — 1. Typically, the control channels of 

select a relationship between cells that requires the unit to a cellular system con^nise a group of twenty-one rhnnn fllR. 

register each time the unit enters a different cell, different The control diannels are predetermined so the wireless 

duster, or different supoxduster. conununication unit looks at all the control channels to 

Another factor infiuendng the choice of a preselected ^3 determine which control channel has the greatest signal 

spatial relationship is tenq>oral, in that the time of day and strength. The wireless communication unit then considers 

day of the week may influence wireless coiumunication unit itsdf to be in the service area of the cell control 23 which is 

usage. Subscribers may remain in one cell during working transmitting on that particular control channel, 

hours, but may travel in or through other cells or even travel Periodically, each cell transmits a control signal over its 

without estabUshedpatt^s after work. Yet another factor is 20 control channel and thereby broadcasts this control signal 

the registration pattern of a wireless conamunication unit If throughout the area of the cell. Generally, a control signal is 

a unit has not registered in a preselected amount of time, the transmitted on a control channel nominally once per second 

system may require the unit to register, even if it has failed as is well known to those skilled in the ait The control signal 

to move. In addition, system resources and the use thereof is intended for reception by wireless communication units 

may influence the choice of a preselected spatial relation- 25 operating within the ceU's area. The control signal is also 

ship. Of coune, a combination of these and other factors refetred to as an overhead message train (OMT). The control 

may be considered in the selection of a spatial relationship. signal provides the wireless communication imit with gen- 

In the preferred embodiment, the selec^on of a spatial eral information such as the configuration of the wireless 

relationship is in^lemented tiux>ugh the use of a masking communication system, and particular infonnation such as 

factor in connection with the identification signal of the cell ^ the cells identification signal 

where the unit is located. According to the present invention, each cell transmits an 

FIG. 2 is a flow diart illustrating the general method of identifioation signal which is aoique to tiiat particular cell as 

operation of the preferred embodiment as it applies to the part of the cell's control signal. In the preferred 

pperation of a wireless commnniration unit in an area embodiment, the cell's identification signal is configured 

serviced by a wireless cammunication system employing the 35 pursuant to the numbering plan discussed below in connec- 

present invention. Hie flow diagrams in FIGS. 2, 6, 10 and tion with FIGS. 3, 4 and 5. The identification signal may 

13 provide a detailed description of the process steps comprise an identification number or some other xype of 

executed by tiie couesponding processmg circuitry of the identifier. Refening again to FIG. 2, in st^ 36 tiie wireless 

systems of the present invention. communication unit uses the cell's identification signal to 

FIG. 2 is entered at start block 30. In step 32, the wireless 40 determine whether the unit has to register with the cell. The 

communication unit (WCU) registers with a ceU. In the method used by the present invention to determine whether 

present invention, a unit preferably first registers when the to register is discussed in detail in connection wilh FIG. 6. 

unit is first turned on or when the unit first enters the service If the wireless communication unit does not have to register, 

area of the system. As noted above, registration establishes the wireless communication unit continues to monitor the 

radio communications between the wireless comnuinication 45 cell's strongest control channel, step 34. If the wireless 

unit and the cell, and therefore, radio communications communication unit has to register, the unit repeats the 

between the wireless communication unit and the wireless registration of step 32. Typically, the wireless oommunica- 

communication system. TTius, regLstiation alerts cell control tion unit has to register after it has moved to a cell in a 

23 to the presrace of an active wireless communication unit predetermined spatial relationship with the ceU where the 

within the area of coverage of the cdL Cell control 23 50 unit last registered, such as movement or change of location 

informs the controller 50 of the presence of the wireless of a selected distance. Alternatively, the wireless communi- 

communication unit in the particular cell of the service area. cation unit may register after a preselected period of time has 

As noted, registration of wireless communication units in closed without registration of the wireless communication 

the present invention is accomplished pursuant to the pro- unit in any ceil d the system. 

visions of the EIA/TIA-553 referenced hereinabove. 35 FIG. 3 illustrates an exeraphiy service area 14 of a 

Generally, the wireless communication unit registers in the wireless communication system enqiloying the preferred 

cell through a process known to those skifled in the art as embodiment of the present invention. The service area 14 is 

autonomous registration. The wireless communication imit divided into a hierarchy of geographic divisions. In 

provides a data message or data packet induding the unit's particular, fcs &lnq}licity of illustration, service area 14 is 

subscriber identification code to the cell where ttie unit is 60 convenlentiy divided geographically into three spatially 

located by using the cell's control channel. In cellular, the adjacent areas denoBiinated superclusters lOa-lOc. Each 

data message typically contains the unit* s telephone number, superduster is divided into spatially adjacent areas denomi- 

known as the mobile idoitification number (NUN), and tiie nated dusters. For example, superduster 10a is divided into 

unit's station dass mark (SCM), which identifies certain seven dusters Uo-llg. Each duster is divided into spatially 

functional characteristics of the unit The data message may 65 adjacent areas denominated ceUs. For exaii^)le, cluster lib 

also include otha information sudi as the unit's electronic is divided into seven cells 12a-12g, The geogriphic division 

serial number (ESN). of service area 14 in FIG. 3 is by way of illustration only. 
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Alternate divisioiis of sudi a service area are possible to suit Of the three secdoiis in identificatioii signal 4t coire- 
tbe partioilar system requiremcats. For example, each cell sponding to the geographical divisions of service area 14, 
may be assigned sectors or the superdustcrs may be groaped ceU section 44 corresponds to and uniquely identifies small 
to fom a super-supercluster depending upon the needs of the geogr^hical areas of the service area 14. Qustcr section 45 
wireless communication system. Also, in service area 14 5 coiresponds to and uniquely identifies a duster of the 
shown in FIG. 3^ all of the same type of geographical service area 14. Supeiduster section 46 corresponds to and 
divisions are unifonn in size, to-wit: every cell is the same uniquely identifies one of the three superdusters of the 
size, every cluster is the same size, and every supercluster is illustrated service area 14. This hierarchical order of sections 
the same size. However, uniformity of size is not a require- ^) ^ 46 in the representative identification signal 40 
ment of the divisions of the service area of the present Provides information regarding the spatial rdationshq) of the 
invention. The size and grouping of geogrq)hical divisions identified cell to the other geogrq}hical divisions of the 
depend on the needs of the wireless communicatiGn system service area. Thus, the cell corresponding to cell section 44 
induding factors such as wirdess cominumcation unit traffic Is a division of the duster corresponding to duster section 
in the respective areas, the topography of the areas, and the ^» duster is a division of the superduster cone- 
range of the base stations sited in the areas. jj sponding to superduster section 46,, 

Pursuant to the preseat invention, each geograi^c divi- ^ illustrates a representative identification signal 50 

sion of the sendee area is assigned a unique identification assigned to cell 126, which is one of the cells of Ae service 

signal according to a hierarchical numbering plan. The arcal4showninFIG.3.Celll2i>isadivisionof duster 116, 

identification signals are assigned so as to reflect the spatial whidi is a division of superduster 10a. Preferably, identi- 

relationships of the service area's geogr^hic divisions. In 20 ^cation signal 50 indudes data Add 51 indicating the start 

the preferred embodiment, the identification signab com- identification signal and data fidd 58 indicating the 

prise sections which correspond to the geographic divisions identification signaL Identification signal 50 also 

of the service area. The sections are arranged in a hicrar- indudes sections 52, 57 as place holders for the later 

cfaical order in the identification signal corresponding to the addition or assignment of sections. In addition, identification 

hierarchy of the geographic divisions and ccsxesponding to 25 signal 50 indudes sections 54-^6 ccnresponding to the 

conventional Arabic numerals. Thus, reading an ideotifica- geographical divisions of service area 14, and more 

tion signal left to right, the left-most section corresponds to particularly, indudes a cell section 54, a duster section 55 

the largest geographical area rq>resented in tiie identification and a superduster section 56. 

signaL Similarly, the right-most section corresponds to the In the preferred embodiment, the sections of an identifi- 
smallest geographical area represented. 30 cation signal conqnise numbers. As illustrated in FIG. 5, 
FKj. 4 illustrates a prefeiied rej^esentative identification r^iresentative identification signal 50 indudes section num- 
signal 40 in its digital data stream form assigned to a cell in assigned to the geographical divisions of the service 
the exemplary geographic area illustrated In FIG. 3. Reading ^rea 14. Superduster 10a has been denominated as super- 
right to left, identification signal 40 generally conqjiises a duster 7, and thus, *T' is the number rqn-esented in super- 
section 41 marking the start of the identification signal 40, 3S duster section 56. Cluster lib has been denominated as 
a section 42 with broken lines indicating the possible duster 4 of superduster 7, and thus, "4" is the number 
indusion of additional sections, place hdders 43 for represented in duster section 55. Similariy, cell 126 has been 
expansion of the identification signal 40, sections 44-46 denominated as cdl 3 of duster 4, and thus, is the 
corresponding to the three geogr^hic divisions of the number rqiresented in cell section 54. The section numbers 
service area 14, place holders 47 a~b for expansion of the 40 54-56 of identification signal 50 corresponding to cell 126 
identification signal 40, a section 48 with broken lines airanged hierarchically to form identification signal 50 
indicating the possible indusion of additional sections, and ^s *743". This identification signal provides information as 
section 49 marking the end of the identification signal 40. In spatial rdationship of the geognQ>hic divisions icp- 
the preferred embodiment, an identification signal transmit- resented by the sections. In particular, identification signal 
ted by a cell is a digital data stream comprising data fields 45 50 indicates that cell 126 (3) is a division of dust^ 116 (4), 
corresponding to the sections of the identification signaL and that duster 116 is a division of superduster 10a (7). 
Ihus, the identification signal must indude start section 41 In the {deferred embodiment, if the identification signal of 
and end section 49 to indicate the beginning and end, a certain geogrq>hic division of the service area is known, 
respecdvdy, of the identification signaL As noted, the place the identification signals of larger geographic divisions may 
holders 42, 43 a-b, 47 a-b and 48 allow for the expansion so be readily determined. For example, if the identification 
of the identification signaL In particular, place holders 43 signal of a cell is known, the identification signal of a duster 
a-b allow for the addition of sections ooiresponding to or a superduster may be determined by substituting place 
sectors or other areas assigned to a cell such as the cell holders for the small gcogrq>hic divisions. Refeiring to FIG. 
corresponding to cell section 44. Similarly, place holders 47 5, identification signal 50 0*743") rq>rcsents cell 126. To 
a-b allow for the addition of sections to geographical 55 obtain the identification signal for cluster 116, a place 
groupings larger than the si^>ercluster conesponding to holder, **0", is substituted for the number (**3") rqircsented 
superduster secdon 46. The use of place holders for later in cell section 54. Thus, the identification signal of duster 
assignment or addition of sections provides flexibility in the 116 is '740". To obtain the identification signal for super- 
numbering plan so as to readily accommodate enlargement duster lOo, a place holder, **0", is substituted for the numba 
or decrease in the number or sizes of the geogr^hical 60 ("4") represented in the duster section 55 and in the cell 
divisions in the service area. It is envisioned that in its full section 54. Tims, the identification signal of superduster 10a 
deployment, identification signal 40 may contain as many as is *700'*. 

thirty-two digits; section 42-43 a^ ranging from thirteen to Pursuant to the numbering plan of the fH-efened embodi- 

seventeen digits; and sections 47 a~b and 48 ranging from ment of the present invention, aO the subdivisions of a 

sixteen to twdve digits. This will ensure adequate cell 65 partioilar division of a service area indude the section 

identification down to in-building picocells in high rise number corresponding to that partioilar division. Thus, all 

(Mcc buildings on a worldwide scale. the cells of a duster include the duster section number as 
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part of each of their cell identificatioQ numbers. Li the or a message delivery. In the prefened embodiment, the 

exanq)le illustrated in FIG. 5, all seven cells of duster Hb wireless communication unit automaticaliy registers with 

indude duster section number "4" as part of each of their the system upon first entering or powering iq> in the service 

ideatification numbers. The identiilcation numbers of eadi area cf the syst^ Otherwise, as part of the prefoied 

of these seven cells are as follows: 741; 742; 743; 744; 745; 5 process in detennining whether to register with the cell, the 

746; and 747. Similarly, all the dustas of a siq)ercluster unit detamines whether the ceH where the unit is located 

indude the superduster section number as part of eadi of exists in a preselected relationship with the cdl where the 

thdir supcrclustcr identification numbers. In tiie example unit last registered If the relationship exists, the unit rcgis- 

illustrated in FIG. 5, all seven clusters of supcrcluster 10a ters with the cell. If the relationship does not exist, the unit 

indude T* as part of each of their identification numbers. does not register with the cclL 

Ihe identification numb^ of each cf these seven clusters At step 65, die wireless oomnuinication unit aiqiUes a 

are as follows: 710; 720; 730; 740; 750; 760; and 770. In this masking factor to the identification signal of the cell. The 

common use of section numbers, the spatial relationship of masking factor is preferably applied to determine an 

each division of the service area to other divisions is unmasked partion of the identification signal of the cell 

revealed. where the unit is located. As explained bdow, the unmasked 

Although the preferred embodiment uses a segmented portion is used to determine wh^er the cell where the 

hierardiical numbering plan as described above to indicate wireless communication unit is located exists in the prese- 

spatial relationships among cells of the service area, other lected spatial relationship to the cell where the unit last 

methods of indicating such spatial relationships may be used registered. As noted above, if the spatial relationship exists, 

if desired. Further, in the preferred embodiment, there are the unit registers with the cell. If the spatial relationship does 

seven cells within a duster, seven clusters within a not exist, the unit does not register with the celL 

superduster, and so on. Since signal transmissions are In the preferred eiobodiment, the wireless oominunication 

tnnary by their nature, a numbering scheme based on a unit recdvcs the masking factor from controller 50. Selec- 

multiple of binary is preferred to minimize number base tion of an a ppr o p riate masking factor is discussed bdow in 

conveision and computational efforts. In addition to the 25 connection with FIG. 13. 

seven units, there is also a placeholder designation, which After applying the masking factor to obtain an unmasked 
yields ei^t values total An odal (base 8) numbering portion of the cell's identification signal, the wirdess corn- 
scheme is thaefore ideally suited for the present invention. munication unit at step 66 compares the unmasked portion 
However, the numbering plan may be implemented in a to the information the unit holds in its memory. The corn- 
number system other than base 8. A numberiiig plan using 30 parison is made to determine wh^er the cell where the unit 
base 10 is undesirable because of the incffidcncy resulting is located exists in a presdected spatial relationship with the 
from only seven of the ten values being used A numbering cell where the unit last registered. The information held in 
l4an based on binary (base 2) or quaternary (base 4) is memory vanes depending iflpon the activity or movement of 
unwieldy because of the long strings of digits required. A the wireless communication unit in the service area, 
numbering plan based on hexadecimal (base 16) is, Lke a 35 Generally, however, the information held in memory pref- 
plan using base 10, inefEident because only seven of the erably comprises the identification signal of the last cell 
sixteen values are used. where the unit registered. Thus, a comparison generally is 

FIG. 6 is a flow chart illustrating the general method of conducted between the identification signal of the cdl where 

operation of a wirdess communication unit in accordance the unit is located and the identification signal of the ceU 

with the preferred embodiment. The flow chart of FIG. 6 4q where the unit last registered. In one embodiment, the 

begins at step 60 with the wirdess communication unit comparison is conducted between the identification signal of 

entering tiie service area of a wireless communications the cell where the unit is located and the identification signal 

system through an initial or first cefl, such as cell 12b shown of the cdl where the unit last registered. For exanq>le, the 

in FIG. 3, or with die wireless communication unit being wireless communication unit registers in a first cdL The 

turned on empowers up**) in an initial ot first cell of the 45 identification signal of the first cell is hdd in the memory of 

sy^&m, the unit The unit travels to a second cell The unit reads the 

Following step 60, at step 61 the wireless communication identification signal of the second cdl. A masking factor is 

unit scans die designated control channels in a manner well applied to both identification signals to determine the 

known to those skilled in the art to find the strongest control unmasked portions thereof. The unit compares the 

channel Next, at stq) 62, the wirdess communication unit so unmasked portions of the identification signals, 

selects the control diannd which has the strongest signal At step 67, the wireless communication unit uses the 

strength and monitors the selected control channel. At step results of the comparison to determine whether a presdected 

63, the wireless communication unit reads tiie control signal relationship exists between the cell where the unit is located 

transmitted by the cell, and in particular, reads die ictentifi- and die cell where the unit last reglstoned. If there is no 

cation signal or number provided by the cdl as part of the 55 differeDce between tiie unmasked portion of the identifica- 

control signal. tion signal of the cell where the unit is located and the 

After reading the cell's identification signal, the wirdess unmasked portion of the information hdd in memory, (die 

communication unit beghis die process of determining answer to decision st^ 67 is 'W), the wirdess commu- 

whedier to register in die celL Registration of die wireless nication unit returns to step 61 and scans for the strongest 

comnmnication unit in a cell of the system establishes radio 60 control channd of die cell where die unit is located. The lack 

communications between the cell and die wireless conmui- of difference indicates that the wireless communication unit 

nication unit, thereby providing die wirdess communication has not traveled to a cell tiiat exists in a presdected spatial 

system widi information regarding die identity and relative relationship widi die cell of last registration. The identity 

location of die whdess communication unit within the between die unmasked portion of the identification signal 

service area, ^di diis information, the system does not have 65 where the unit is located and die unmasked portion of the 

to try to locate the unit throughout die entire service area in identification signal hdd in m»nory indicates diat the cor- 

ordex to conq)Iete a communication such as a telephone call responding cells share at least one common feature, namdy, 
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the geographical grouping in the geographical hierarchy of In lesponse to the rcgistratioD of the wireless communi- 

the service area. In partic^ar* the identity indicates that the cation unit with the cell, the wirdess comnuuiication unit 

oQzresponding cells share common geographical grouping of may be provided with a new ma siring factoL Also, in an 

the divisions of the service area corresponding to the sec- alt^native embodiment, the wireless communication unit 

tions in the unmasked portion of the identification signal 5 may be provided with a new mfls king factor for a reason 

where the unit is located. By this commonality, it is deter- other than registration. In this alternative embodiment the 

mined that the cells do not exist in a preselec^d spatial ''NO'* output of dedsion €1 is directed to the input of 

rdation^p to each other, thereby obviating the necessity of decision 7L In both embodiments, the wireless commimi- 

rcgistration, cation unit checks for receipt of a new, magiring factor in step 

If there is a difference between the unmasked portion of jq 71. If the wireless communication unit does not receive a 
the identification signal and the nnmasfc r^i portion of the new magking factor, the wireless conmiunication unit res- 
information held in memory, (the answer to dedsion step 67 cans for the strongest control channel stq) 6L If the wireless 
is "Yes"), the wn-eless communication unit registers at step communication unit recdves a new or diffcrrat maskmg 
70.11iedifferenceindicatesthatthewirdesscommunication factor, ttie unit substitutes the new masking factor for the 
unithasdiiveledtoacdltto^^ 15 previously hdd masking factor, step 72. After substitution of 
relation^ with tiie odl crflast registrmion. The hick of ^ ^ commmiication unit 
Identity between the unmasked portion of the identification r^^r.\ ^.«n-.i TtlHr 
signal wherdn the unit is located and the corresponding ^ "^tl^^'f cfaannd, step 61. 
portionsof theidentificationsignalhddinmemoryindicat^ ^ Fefcned embodhnent, the masking factor that a 
that the coiTcspondmg cells do not bdong to the same wireless communication unit applies to the Identification 
geogr^hical groupings of the divisions of the service area 20 "goal of the cell conesponds to a whole number. In 
corresponding to the sections in the unmasked portion of the particular, the masking factor corresponds to tiie number of 
identification signal where the unit is located. By this lack of sections of the identification signal that are masked so as to 
identity, it is determined that the cells exist in a presdected reveal only a portion of the identification signal of the ceU. 
spatial relationshq) to each other, thereby necessitating reg- The masking factor is applied so that the section correspond- 
istration. In the preferred embodiment, this difference indi- 2s smallest geographical division of the service area 
cates generally that the wireless communication unit has is masked first The other sections are masked in ascending 
travded out of its presumed area. In other words, the order corresponding to the increasing geographical size of 
wirdess communication unit has travded out of the geo- the geographic division of the service area represented by 
graphic division of the service area conesponding to the each section. Thus, if the maslHng factor is **r, then only 
most significant section in the unmasked portion of the 3^ one section of the identification signal is masked. U the 
identification signal held in memiCiy. smallest division of the service area is a cell, then only the 

Continuing with flow chart FIG. 6, at step 71 the wirdess section of the identification signal cciresponding to a cxU is 

communication unit checks whether it has recdved a new masked. By sudi masking process, the unmasked portion of 

masking factor. If the wirdess conmiunication unit has not the identification signal reveals the spatial relationship of the 

recdved a new or different masking factor, (the answer to 35 cell where the unit is located to the cdl of last registration, 

decision step 71 is ''No*'), the wireless conmiunication unit as well as to other cells and geographic divisions of the 

returns to step 61 and scans for the strongest control channd service area. This spatial relationship is used as part of die 

of the cdl where the unit is located. The unit may receive a determination regarding registration of the unit Thus, if the 

new masking factor as a result of registration in a cell. In one masking factor is **!'*, then the unmasked portion includes 

embodiment, a wireless communication unit may receive a 40 all of the sections of the identification signal except io£ the 

new masking factor from the controller of &e system at section corresponding to die smallest division of the service 

times other than registration. The factors in sdecting a area. This unmasked portion reveals that the spatial rela- 

masking factor are discussed bdow in connection with FIG. tionshq) diat is to be used In determining whe&er the unit 

13. If the wirdess communication unit has recdved a new registers is the cell's relationship with respect to geogr^)hi- 

masking factor, (tiie answer to dedsion step 71 is *^es"), at 45 cal divisions more significant than a cell in the geographical 

stq) 72 die wirdess communication unit substitutes the new hierarchy of the service area. 

masking factor i<x the previously hdd masking factor. Id the FIG. 7 is a diagram illustrating plication of a masking 

preferred embodiment, this substitution is carried out in the factor to an identification signal in accordance with the 

memory of the unit preferred embodimBnt Using cdl 12& of FliG. 3 as an 

To summarize the flow chart of FIG. 6 with respect to the 50 cxan:5>le, "743" is the identification signal 75 of that cdl. 

preferred embodhnent, when a wireless comnmnication unit Identification signal 75 is composed of three sections: **7** — 

enters a cell of the area serviced by the wirdess communi- superduster section 78, *'4"— cluster section 77 and — 

cation system (or powers iq) in the cell), step 60, the wireless cell section 76. The least significant section in the hicrardiy 

communication unit scans the control channels, step 61, of identification signal 75 is cdl section 76, the smallest 

until the unit finds the strongest control channd. Hie wire- 55 division of the illustrated service area 14. The most signifi- 

less conmuinication unit monitors the strongest control cant section in the hierarchy of identification signal 75 is the 

channel, step 62, and reads the identification signal of the superchistcr section 78, the largest division of the illu^rated 

cell, step 63. The unit applies the masking factor that the unit service area 14. 

holds in memofy to the identification signal to obtain an For illustration purposes on an abbreviated identification 

unmasked portion, step 65. 60 signal, if the masking factor provided to the wirdess oom- 

The wirdess commnnication unit compares the nnmaskpd municadon unit is **2'*, the wirdess communication unit 

portion of the identification signal to the corresponding masks the two least significant sections of the Identification 

portion of the identification signal hdd in memory, steps 66 signaL In the exan4)le shown in FIG. 7, cell section 76 and 

and 67. If the compared pcations are the same, the wireless cluster section 77 are masked as indicated by the ctoss- 

communication unit rescans for the strongest control 65 hatching. Thus, after masking, the only section that remains 

channel, step 61. ]fthecon[q}ared portions differ, the wireless unmasked in the identification signal 75 is superduster 

communication unit registers with the cell, step 70. section 78. This section constitutes the unmasked portion of 
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the ideottficadoii signal. This unmasked portion reveals tiiat connection witti FIGS. 5, 7 and 8) has been received from 

the spatial relationdiip that will be used in detexmining cell i2b wbac the nnit is located. The masMng factor 

whether the unit registers is the cell's relationship with provided to the unit is "1", and therefore, only the least 

respect to supaxlustEis of tiie service atea. significant section, cell section 76, has been masked in the 

Using the identification signal 75 shown in no. 7, if the 5 ifentifi^tion sigmd 75. Also in this «amplc^ identifi^^ 

masking factor is "1", Ihe^^toless commnnication unit '"•^J^L"' ^ "^^„5 V^^T TT"' 

masks only the least significant section of the identification Mcntdcation sipial 90 co^es *r« sections: 

signal,theceUsection76!Atesuchmasfcing,theunmaskBd ?f J*«=^'' '=1'^'?^ ^. ^»P^^^ 

pS of the identification signal 75 compiles supeiduster '3. The p«bon of iden^«ti^ ap«l 90 c«iBpondmg to 

section 78 and dusta section 77. Tins unmasked portion W uninasted paibon of identification signal 75 compnsM 

reveals that the spatial relationship that will be dsed in cUister section Wand suj^ta section SO. T^^ 

determining whether the unit registas is the ceU's relation- co«npar« the cluster sechon 77 and supcrclusto se<^on 78 

shipwithi^pccttosuperdusteiiandclustersofthescrvice ulendfication signal 75 to the dust« section 92 and 

^ sapercluster section 93 of Identiflcatioii signal 90. By such 

„ , , . ^ .13 comparison, the unit determines that cluster section 77 

n the masking factor provided to the wirdcss connnmu- (including the number "4") differs from cluster section 92 

cation unit is J\ none of the sedions of the identification (including the number "6"). The difference indicates that the 

agnalJS would be mask^ ^ ^^^^^^ of the cluster "6" conespondlng to 

Identification signal 75 would c(«npnse the entire identifi- cluster section 92 and into a different duster "4" correspond- 

cation signal 75 This unmasked portion reveals that tiie jj^^ cluster section 77. This lack of identity in the 

qpatial relauonshiptfaatwinbeusedind^^ ^ cluster sections indicates that the corresponding cells do not 

the unit registers is the ceU's relationship withrespect to aU geographical groupings of the divisions 

geographical divisions of the service area including other ^f the service area. By this lack of identity, it is determined 

ceUs, clusters and superclusters. corresponding cells exist in a preselected spatial 

nCS. Ha~b arc diagrams illustraling the step of conqwr- ^5 relationship to each other, thereby necessitating registration, 

ing the respective unmasked portions of two identification ^ jesult of this difference determination, the unit registers 

signals according to the prefarcd embodiment In particular, the cdl corresponding to identification signal 75. 

HGS. Sa-^ include two identification signals: identification pjQ 10 is a flow chart illustrating an alternate preferred 

signal 75 assigned to ceU 12i» and illustrated in HG. 7; and ^^^^od to steps 6S-66 of FIG. 6. In the alternate method, the 

identification signal 80 assigned to ccn 12a. The unmasked unit first oonq)ares the identification signals and then appUes 

portion of identification signal 75 is section 78 containing masking factor. After step 63 of FIG. 6, in alternate step 

the number '7" and corresponding to superduster lOo. In ^. compares the identification signal of tiie ceU of 

this example, identification signal 80 is held in memory by current location to the identification signal of tiie ceU of 

the wireless communication unit because ceU 12fl is tiie last registration to obtain a product. The product is obtained 

cell wherein the wireless communication unit registered j,y conqiaiing the respective sections of the identifications 

witii the system. Upon entering ceU 12b, the unit reads the signals, and noting the identity or lack of identity between 

identification signal of cell I2b, and applies tiie masking sections in tiie coiresponding section of tiie product 

factor to detamine tiiat tiie unmasked portion of tiie iden- j^^^^ (he product preferably includes a section witii an 

tification signal of cell 12i» is ^7". The unit tiien compares ^^^^^^^ ^ i^ck of identity indication for each of the sections 

tiie unmasked portion, 'T', to tiie corresponding portion of ^ ^f^^ identification signals. In alternate step 66\ the wireless 

tiie identification signal of cell 12a held in memory. In tiiis communication unit appUes a masking factor to tiie product 

exanqde, tiie corresponding portion is also 'V** because botii jhe masking factor is ^lied in tiie same manner as 

cell 12fl and ceU 12fc are divisions of tiie same supercluster ^jescribed above in connection witii step 65. but tiie result of 

the masking factor application in the alternate method is an 

The identity between the unmasked portion of identified- 45 unmasked pcxrtion of the product This unmasked portion 

tion signal 75 and the corresponding portion of identification comprises one or more sections depending upon the masking 

signal 80 indicates that the cxirresponding cells arc both factor and each section of the unmasked portion of the 

members of the same superduster. This common member- product indudes the above-determined indication of identity 

ship determines that the cells do not exist in a presdected oj- lack of identity. After the application of the masking 

spatial relationship to each other, and registration is unneo ^ factor in alternate step 66", the wireless commnnication unit 

cssary. proceeds to step 67 of FIG. 6. 

In addition, the lack of difference indicates that the FIGS, llo-c indude diagrams illustrating the application 

wirdess communication unit has not traveled out of tiie of the alternate steps 65* and 66*. Identification signal 75 

geographic division of the service area corresponding to the represents cdl 12i> (FIG. 3) and identification signal 80 

least significant section of the unmasked portion. The iden- 55 represents cdl 12fl (FIG. 3) or described in connection witti 

tity between tiie unmasked portion of identification signal 75 FIGS. 8a-2>. In titis exan^>le, identification signal 80 is hdd 

and the corresponding portion of identification signal 80 in memory by the wireless communication unit bec^se c^ll 

indicates that tiie wireless communication unit has not 12^ is the cell where the unit last registered. Upon entering 

travded out of superdustCT 10a whicii has been assigned the cdl 12fr, the unit reads identification signal 75. The unit 

section number '7**. $0 then makes a se^on by section oonq>anson between iden- 

FIGS. 9a-b are adctitional diagrams illustrating die st^ oi tification signal 75 and identification 80 to obtain a product 

comparing the respective unmasked portions of two identi- 150. In fortii^ detail, the product is obtained by oon:q>aring 

fication signals acccxrding to the preferred embodiment In the superduster section 76 containing the number V to the 

particular, FIGS. 9a~b illustrate an example of an unmasked superduster section 93 containing the number *7" by noting 

portion of an Identification signal differing from the corre- 65 that the numbers are the same, and by indicating such 

spending portion of the identification signal held in memory. identity by placing a **0*^ in the superduster section 156 of 

In this exanqile, identification signal 75 (also discussed in the product 150. In a similar fashion, the numbers of the 
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respective cluster sections 77 and 82 are con^ared, the tion from the cells of the area regarding the appra^dmaxt 

identity in the numbers is noted, and a "0" is placed in the location and identity of active wireless oommuoication units 

duster section 154 of the product 150. Finally, the numbers operating in the service area. TTie controUer evaluates the 

of the respective cell sections 76 and 81 are compared, the registration information, and provides subsequent rcgistra- 

diference in the numbers is noted, and a " 1" is placed in the 5 tion instractions, including masking factors, as necessary, to . 
cell section 152 of the product 150: Thus, the product 150 of the wireless communication units. In the preferred 

this comparison is "001". embodiment, ttie controUer uses the registration infonnation 

In this alternate method, once the fvoduct has been . to preselect a spatial relationship between cells for use by a 

determined, the wireless communication unit ^lies the wireless communication unit In detennining whether to 

masking factor to the po^odua. The masking factor is ^lied register. The movement of the wireless commnnication unit 

to the product in the same manner as the masking factor was from a first cell to a second cell existing in the presdected 

applied to identification signals as described above in con- spatial relationship witii ±t first cell results in fee unit 

nection witix FIGS. Sa-b and 9a~b. In this exanq)le, the initiating a registration in the second cell. In partiailar, the 

masking factor is "2**, and tiie masking factor is ^>plied so prefened embodiment of the present invention implements 

that the two sections of the product coiresponding to the two preselection of a spatial relationship by the provision of a 

smallest geogr^hical divisions of the service area are masking factor through cell control to a wirdess communi- 

oovcFod. Thus, product sections 152 and 154 are covered, cation unit 

leaving the unmasked portion of the produa 150 as super- Pursuant to tiie hierarchical numbering plan and masking 
duster section 156, which indudes the number **0'*. The process of the preferred embodiment discussed above, gen- 
unmasked portion 156 has a value of "0" whidi indicates crally the larger the masking factor used by the wirdess 
that tiie predetemtined relationship is not j^esenL communication unit, the fewer times the unit will register. 

FIGS. Ha-c illustrates another example of the applica- Application of a large masking factor to an identification 

tion of the alternate steps 65* and 66*. Identification signal 75 signal results in only a few or no sections in the unmasked 

r^esents cell IZb (FIG. 3) and identification signal 90 portion of the signal. These few sections correspond to the 

whidi is hdd in the mcmofy of the wirdess commnnication 25 larger geographical divisions of the service area because the 

imit Upon entering cell 12b, the unit reads identification sections are arranged in a geogr^hic hierardiy in the 

signal 75. The unit tiien makes a section by section com- identification signal and because the masking factor is 

parison between identification signal 75 and identification ^plied to mask the sections in ascending order cosrespood- 

signal 90 to obtain a product 160. In this example, the ingtogeographichierardiy. As a result of the large masking 

product is obtained by comparing the respective supercluster 30 factcff, the unmasked portions of the idaitification signals of 

sections 78 and 93, tiie respective clusters sertions 77 and the traversed cells indude few sections for canq)arison 

92, and the respective cell sections 76 and 91 of the purposes, tha-eby minimizing the probability of registration, 

identification signals 75 and 90 to obtain supercluster sec- Thus, a wireless communication unit with a large masking 

tion 166, duster section 164 and cell section 162 of product factor travels generally without registration through a rda- 

160. Thus, the product 160 of this comparison is "Oil". 35 tively large number of cdls. 

In this example of the alternate method, the masking The converse of the above statement regarding Larger 

facta* is "1", and the masking factor is applied so that cell masking factors resulting in fewer registrations generally 

section 162 of product 160 is covered. Thus, the unmasked holds true. The smaller the masking factor used by the 

portion of die product 160 indudes duster section 164 and wirdess communication unit, the more often the unit will 

superduster section 166, which leaves the unmasked portion 40 register. Application of a small masking factor to an iden- 

numbers as "01". At least one of the unmasked portions, 164 tification signal results in the masking of only a few or no 

and 166, has a non-zero value, which indicates that the sections of the signaL The unmasked portion of the signal 

predetermined rdationship is present indudes more sections. As a result of the small mas^g 

As noted above, after the application of the masking factor, the unmasked portions of the identification signals of 

factor in alternate step 66*, at step 67 illustrated in FIG. 6, the 45 the traversed cells indude more sections fc? comparison 

wirdess comrrmnication unit uses the results of the com- purposes, thereby increasiDg the probability of registration, 

parison to determine viiiethex a preselected relationship Thus, a wireless communication unit with a small masking 

exists between tiie cell where tiie unit is located and the cell factor that travels into a different geographical division such 

where the unit last registered. Rrfening to FIGS. Uo-c, tiie as a different cdl, duster, or superduster generally is 

unmasked portion of produrt 150 is supercluster section 50 required to register. 

152, which indudes a •*0". The "0" indicates that tiie cells In sum, if it is determined that the registrations of a 
coiresponding to identification signal 75 and identification particular wireless communication unit should be 
signal 80 do not exist in a preselected relationsh^. Because minimized, the controller provides a rdativdy large mask- 
there is no presdectedrdationshq> between these cdls, (the ing factor to the unit If it is determined that a particular 
answer to decision step 67 is •*No'*), the wirdess commu- 53 wireless communication unit should be registering more 
nication unit returns to step 61 and rescans for the strongest often, tiie controller provides a relatively small masking 
control channel of tiie cell where tfie unit is located. Refer- factor. 

ring to FIGS. 12a-<, tiie unmasked portion of product 160 As noted above, a masking factor is tiie pffefoicd embodi- 
is suporduster section 166, which includes a '*0'', and chaster ment's inqilementation of tiie sdection of a spatial relation- 
section 164, which indudes a "1". The "1" indicates tiiat tiie 60 ship between cells. The spatial relationship is used by a 
ceils corresponding to identification signal 75 and idcntifi- wireless communication unit in tiie determination of 
cation signal 90 exist in a preselected rdationsh^. Because whetiiff to register in a particular oelL Some of tiie factas 
tiie cells exist in a preselected relationship, (tiic answer to that result in tiie selection of a particular spatial relationship 
decision stq) 67 is **Yes"), tiie wirdess communication unit and cooesponding masking factor are disoissed above in 
IH-oceeds to register in stqj 70. 65 connection witii HG. 6. Generafly. tiiese factors indude, 
As noted above in connection with FIG. 1, tiirou^ recdpt inter alia, the travel pattern of tiie wirdess communication 
of registration information, the controller collects inf cffma- unit, the amount of communication traffic handled by a unit, 
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temporal consideratloas such as tune of day, and day of (he to a particular wireless conmmnicatlon anit operating in the 

week, die registration pattern of the unit, and the extent and service area, at decision step 101 die controller checks 

use of system resources in handling commiioications. whether the location of the wireless communication unit has 

As discussed above, the masking factor is a key element been determined in the service area within a preselected time 

of the preferred embodiment in controlling the number of 5 period, such as the iUostrated one hour. Tht location of the 

times and places that a wireless conmmnicatton unit regis- unit may have been determined one of several ways. For 

ters. Tht piefeired embodiment provides for the transmis- exaiiq)le, the unit may have registered with a cell in the 

sion of a new or different masking factor to a wireless service area within the last hour. Or, the system may have 

communication unit when the factors affecting the selection acquired knowledge of the unit's location widiin die last 

of the previously provided masking factor change. This hour as a result of successful delivery of a commmucation 

ability to provide a new masking facXat to a particular toorthcoriginationof a communication firom the unit If the 

wireless communication unit oiables the present invention location of the wirdess communication unit has been dctcr- 

to optimize the registratioo process according to the needs of mined (the answer to decision step 101 is "Yes^X die 

the subscriber as well as to die resources of the wireless controller proceeds to step 103. At decision step 103, the 

communicatioD syston. Minimizing the number of times controller diecks whether the wireless communication unit 

that a unit has to register conserves the battery or other has been involved in frequent registrations. For example, as 

energy source of die wireless commuoication unit. Mini- illustrated in step 103, die controller may dieck whether the 

mizing registration times also conserves system infrastruc- unit has registered more than a certain number of times 

ture resources such as signaling channel air time, conqjuter within a predetermined period of time such as *'X** times 

switching time and system overhead. Optimizing the regis- 20 within the last two hours. If the unit has not been involved 

tration process does not sacriflce the communication deliv- in frequent registrations (the answer to dedslon step 103 is 

ery capability of the wireless communication system but, **No"), die controller continues to monitor wireless commu- 

radier, accommodates a variety of subscdber use proiUes, nication tmit communications, step 100. By a return to 

and dynamically adjusts to a subscriber's chan^g use of a monitoring, the controller has deteimined that the unit does 

wireless communication unit 25 require a new masking factor at tiiis time. If, however, 

FIG. 13 is a flow diart illustrating the general mediod the unit has been involved in frequent registrations (die 

executed by die controller 50 (described in connection widi answer to decision step 103 is "Yes"), the controller pro- 

FIGS. 1 and 13) in the selection of masking factors for a ceeds to step 105. 

wireless communicatioD unit. Jt will be understood that the At dedsion stq> 105, the controller begins the determi- 

gencral mediod is illustrated by reference to a sinqilified 30 nation of whether the frequency of the registrations requires 

identification signal and a simplified masking factor. a new masking factor to be provided to the unit, or whether 

Generally, the selected size of the masking factor will take the registration frequency is justified based on the relative 

into account the number of sections in the identification movements of the wireless communication unit in the ser- 

signal The controller 50 may be a conq)Uter or a system of vice area. To illustrate this and subsequent steps, reference 

conq)utas as necessary and as known to those skilled in the 35 is made to service area 14 illustrated in FIG. 3 and FIGS, 

art 14a-<. 

Upon review of FIG. 13, it will be apparent diat the At step 105, die controller determines whether all of the 
general methodology of selection of a masking factor for a registrations came from the same general area, and in 
wireless communication unit is to determine wheUier a particular, in diis example, whether all of the registrations 
unit's location has been determined widiin a preselected 40 wmrecdvedfromdie same superduster. If die registrations 
time, and then, to determine if more than a presdected did not come from the same general area (the answer to 
number of registrations have been recdved from the unit dedsion step 105 is **No*0, then this is an indication diat the 
widiin a preselected time. If more than a preselected number unit is traveling outside the general area so, in step 107, the 
of registrations have been recdved, then the method pro- controller provides the wirdess communication unit with a 
ceeds to determine the smallest subdivision (superduster, 43 broader masking factor. In diis example, the controUer 
duster, cell, etc.) of the service area encompassing the area provides the unit with the broadest masking factor (3). In 
from whidi the registrations of the unit have been received partioUar, the controller has detenmned that the registra- 
A sffvice area with more or fewer subdivisions tiian tiiat of dons came from different supcrdusters indicating that die 
the exancple provided will use a methodology for selection unit is traveling in a relatively wide area induding diffaent 
of a masking foctor similar to diat illustrated in HG. 13, but 30 supcrdusters, and diat relatively frequent registrations are 
with corresponding more or fewer steps for determining the necessary for purposes of locating die unit quickly and 
smallest subdivision common to the area from which the cffidently. Then, die controller continues to monitor wire- 
registrations have been received, as will be readily apparent less communication unit communications, step 100. 
to those skilled in the art Further, there may be other factors if die registrations did come from the same area (the 
to be considered as part of a methodology for selection of a 53 answer to decision step 105 is ''Yes"), then the controller 
masking factor. For exan^le, sudi other factors may indude proceeds to decision step 109 wherein the controller deter- 
time of day/day of week; frequency or infr^uency of calls mines whether all of the registrations were recdved from an 
directed to die unit; telecommunications traffic conditions; area that is a subdivision of the general area checked in step 
system resources; and unit use profile of die user of the 105. In this exan^le, the controller determines whether all 
wireless communications unit 60 of the registrations were received from die same duster. If 

The flow chart of FIG. 13 begins at step 100 wherein die not, this is an indication that in diis exanq)le die unit is 

controller monitors wirdess communication tmit commimi- traveling within different dusters of a single sux>erdusta: 

cations. Although the flow chart in FIG. 13 disdoses a Therefore, in step 111 the controUer provides the wirdess 

method with respect to only one wirdess communication communication unit with a less broad masking factor. In this 

unit, it will be understood that die controller simultaneously 63 exanq>le, the controller provides die unit with a superdusta 

and similarly executes control over the other wireless com- level masking factor of (2). As a resdt of the new masking 

mimication units operating in the service area. With respect factor of **2^, die unit registers only upon entry of a new 
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general area, and in this exanq)lc, entry into a supcrclustcr 
different from superclusta 'T*. Thus, the registration fre- 
quency of the unit is reduced Yet, the location of the unit is 
known to be somewhere within superdnster 1^, Although 
this new masking factCE provides the unit a relatively wide 
area of movement without registration, such rninimal reg- 
istration may be tiie optimum solution fc^ a unit that travels 
only in one supercluster and receives few CQmmunications. 
Aitfaou^ the system must signal throughout the supercluster 
for the unit when a communication is to be directed to the 
unit, the relative infrequency of such commnnications and 
the fewer number of the unit's registrations conserve net- 
wcHk resources. The controller then returns to step 100. 

Referring again to step 109, if all of the registrations were 
received from the same subdivision of the general area, (the 
answer to decision step 109 is "Yes"), then the controller 
proceeds to decision step 113 wherein the controller deter- 
mines whether all of the registrations were received from an 
area that is a subdivision of the subdivision area dtedced in 
st^ 109. In this example, the controUer determines whether 
all of the registrations were received from the same celL l£ 
not, this is an indication that in this exan^le the unit is 
traveling within different cells of a dusten Therefore then, 
this is an indication that the travel of the unit is limited to the 
subdivision of the general area, in this example, to the 
duster. Based on this limited travel area, in step 115, the 
controller ^ovides the wireless communication unit with a 
less broad masidng factor. In this example, the controller 
provides the unit with a cluster level masking factor of (1). 
As a result of the new masking factor of **1", the unit 
registers only upon entry of a new subdivision of the general 
area, and in particular, in this example, entry of a cluster 
different from duster *74". Although the system must signal 
throughout the duster for the unit when a communication is 
to be directed to the unit, the relative infrequency of such 
communications and the fewer number of the unit's regis- 
trations conserve network resources. The controller then 
returns to step 100. 

Referring again to step 113, if all of the registrations wete 
received from the same subdivision (the same cell in this 
example), then this is an indication that the travd of the unit 
is limited to the subdivision (die cell In this exanq)le). Based 
on this limited travd area, in step 117 the controller provides 
the wireless communication unit with a less broad masking 
factor. In this example, the controller provides the unit with 
a cell levd masking factor of (0). As a result of the new 
masking factor of "X)**, &e unit registers only upon entry of 
a new subdivision, and in particular, in this example, entry 
of a cell different from cdl **743". Although the unit will 
register if it moves out of the subdivision area, the relative 
infrequency of such movement conserves network 
resources. The controller then returns to step 100. 

To summarize the preferred steps in determination of 
whether the frequency of the registrations of a particular 
wireless communication unit requires a new masking factor 
to be provided to the unit, (steps 101-117 of FIG. 13), the 
controller checks whether the location of the wireless com- 
munication unit has been determined widiin a relativdy 
recent period of time, step 101. The controller then deter- 
mines whether the unit has registered frequency within a 
selected period of time, stq> 103. If the unit has not 
registered frequently, the controller returns to monitoring 
wirdess camnmnicaUon unit communications, step 1(H>. If 
the unit has registered frequently, the controUer determines 
whether the registrations were all received from a sdected 
geographic division of tiie service area, step 105. If not, die 
controller provides a tHX>ader masking factcf, step 107, and 
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then returns to monitoring wirdess communication unit 
communications, step 100. If the registrations were all 
recdved from the selected geogr^hic division, the control- 
ler determines whether the registrations were all recdved 

5 from a smalls selected geographic division of the scsvice 
area, step 109. If not, the controller provides a less broad 
masking factor, step 111, and then returns to monitoring 
wireless communication unit communications, step 100. ff 
the registrations were all recdved from die smaller sdected 

jQ geogr^hic division of the s«vice area, the controller dcta- 
mines \(dicther the registrations were all received from an 
even sihallcr selected geographic division of the service 
area, step 113. If not, the controller provides an even less 
broad masking factCE, step 115, and thai returns to moni- 
todng wirdess communication unit communications, step 
100. If the registrations were all received from the even 
smaller sdected geographic division, the controller provides 
an even less broad noasking factor to the unit, step 117. The 
controller then returns to monitoring wirdess communica- 
tion unit communications, step 100. 

20 Id FIG. 13, refening again to decision step 101 wherein 
the controller checks whether the location of the wireless 
communication unit has been determined in the service area 
within a presdcctcd time period, if the location has not been 
determined (the answer to decision step 101 is "No"), the 

25 controlla proceeds to optional step 119 indnded in one 
embodiment of the invention. If step 119 is omitted, the 
controUer returns to monitoring wirdess communication 
unit communications, step 100. 
If step 119 is used, in step 119 the controller makes a 

30 determination whether to provide the wirdess communica- 
tion unit with a less broad masking factcr. As explained 
above, a less broad masking factor results in a curtailment of 
the service area within which the unit could move without 
registering with the system. Thus, it is more likely that a unit 

35 will register with the system as a masking factor is reduced, 
and therefore, that a unit* s relativdy specific location will be 
determined. Although the length of time since a unit's 
location has been determined by the system is one factor 
involved in determining whether to provide a unit with a less 

40 broad masking factor, there are other factors to be consid- 
ered. For exanq)le, other factors may indude the time of 
day/day of week; frequency or infrequency of calls directed 
to the unit; tdeconmumication traf&c conditions; system 
resources; and miit use profile of the user of the wireless 

45 communications unit If a determination is reached not to 
provide the unit widi a less broad masking foctor, the 
controller then returns to monitoring wirdess communica- 
tion units, st^ 100. If a determination is reached to provide 
the unit with a less broad masking factor, then in step 121 the 

50 controller provides such a masking factor: In an dtemative 
embodiment, &e masking factor is changed only in steps of 
one. Thus, using the simplified cxanq)le again, if the mask- 
ing factor was previously '^S", then step 121 will cause the 
masking factor to be reduced to '*2''. If there are still no 

55 registrations, then die next time that step 121 is executed, the 
masking factCH- will be reduced to "1". Finally, the masking 
factor may be reduced to 'D". The new masking factor is 
provided in an ^ort to promote more frequent registrations 
of die unit Although minimizing the number of times a unit 

60 registers is an object of the present invention, another goal 
is to maintain information regarding the general location of 
the unit so as to effldently and quiddy deliver commimi- 
cations to the unit To achieve tills latter goal, the unit must 
provide the controller with periodic iniformation relative to 

55 its genoal location through the registration pa'ooess. 

To summarize the preferred steps in determination of 
whether the lade of information regarding the location of a 
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particular unit requires a new masldng factor to be provided 
to the unit, (steps 101, 119 and 121 of FIG. 13), the 
controller diecks wb^er the location of the unit has been 
determined within a preselected time period (step 101). If 
the location has not been dctcnnined, controller checks 
whether a less broad masking factor should be provided to 
the wireless oonmmnication unit If not, the controller 
returns to monitoring wireless communication unit 
communications, step 100. If a less broad masking factor is 
to be provided, the controller provides it in step 121, and 
then the controller returns to monitpdng wireless commu- 
nication unit communications, step 100. In an embodiment, 
the steps of checking whether the location of the unit has 
been determined within a preselected time and providing a 
new, nairowtf masking factor are repeated imtil the unit 
registers, thereby providing location information. 

In some circumstances, the wireless communication unit 
may not receive the new masking factor from the controller. 
Such circumstances include the non-active status of the unit, 
or relocation of the unit outside the service area. For 
exan^le, a wireless communication unit holds a small 
masking factor, thereby minimizihg the probability of the 
number of times that the unit registers. The unit is turned off. 
Pursuant to the steps discussed in connection with HG. 13, 
the controller ultimately determines that the "nit has not 
registered or otherwise provided information regarding the 
unit's location within a predetermined period of time. Ihe 
controller then attempts to provide the unit with a new 
masking factor, but the unit is turned off, and thus, the unit 
does not receive the new masking factor. As noted above, in 
an embodiment of the present invention, the controUo- 
receives an acknowledgment from a unit when the unit 
receives a new masking factor. In this example, the control- 
ler receives no acknowledgment from the unit because the 
unit has been nimed off. Lacking an acknowledgment, the 
controller flags its entries regarding this particular wireless 
communication unit so that the unit is provided with a new 
masking factor when the unit is powered up and registers. 
Similar steps are followed with respect to a wireless com- 
municatioa unit that has left the service area for more than 
a predetermined amount of time. 

In the preferred embodiment, when the controller does not 
receive an acknowledgment from a unit, the controUa 
initiates an automatic timed decrementation program with 
respect to the masking factor to be provided to the vmeless 
communication unit For example, when the controller pro- 
vides the unit with a new masking factor and fails to receive 
an acknowledgment the controller starts a timer, the unit 
has not registered or otherwise had its location determined 
by the timer's expiration, the controller automatically resets 
the masking factor held in the controller's memory to a 
narrower masking factor. The controller may attempt to 
provide the unit with the new masking factor (see step 115 
of FIG. 13), or the controller may limit its attempts to 
provide a new masking factor to the unit to only preselected 
time intervals, or the controller may not even make an 
attempt to provide the new masking factor. Upon resetting of 
the masldog factor, the controller again starts a timer. As 
before, if the unit has not registered or otherwise had its 
location determined by the timer's e^^iration, the controller 
automatically resets tiie masking factor to an even more 
narrower masking factor. The cycle of resetting the masking 
factor based on lack of information with respect to the 
wireless communication unit's location continues until the 
imit's location has been determined (and a new masking 
factor may be sele<^ following the logic of FIG. 13), or 
until the most narrow masking factor applicable to the 
circumstances is reached. 
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Concurrently with the automatic decrementation of the 
masking facto by the controller, the wireless communica- 
tion unit also follows an automatic time decrementation 
program with respect to its stored masking factor when 
5 certain conditions are encountered by the unit These con- 
ditions may include a non-active status of the nnit^ or 
relocation of the unit outside the service area. Ttais, for 
example, upon detection by the unit that it has been turned 
off, or that it has been moved to a different service area, the 

10 unit sets a timer for a pred^ermined interval. To ensure that 
the length of the decrementation intervals are the same 
between the wireless communication unit and the controller, 
the timjer is set with regard to tiie time interval that has 
transpired since the last determination of location (such as 

15 registration) that the unit provided to the system controller 
Upon expiration of this timer without communication of the 
unit's location to the system, the unit resets its masking 
factor to a narrower masking factor. Upon resetting of the 
masking factor, the imit again starts a timer. As before, if the 

20 unit has not registered or otherwise had its location deter- 
mined by the timer's expiration, the controller automatically 
resets the masking factor to an even more narrower masVing 
factor. The resetting of the masking factor based on lack of 
information with respect to the unit's location continues 

25 until the unit's location has been determined by the system, 
or until the most narrow masking factor is readied. The 
concurrent decrementation of the masking factor by the 
controller and the wireless communication unit ensures that 
the respedive masking factors held by the controller and &e 

30 unit are the same. 

In another embodiment of &e present invention, a wire- 
less communication unit's masking factor automatically 
defaults to a predetermined narrow masking factor such as 
"0", For exan^le, if "0" is used as the automatic default, the 

35 unit's identification signal held in memory corresponding to 
the cdl where the unit last registered defaults to all **0'5" 
when the unit is turned off or when the unit leaves the service 
area of the system. Thas, when the unit is turned on or enters 
a cell of the sorice area, the unit registers, thereby providing 

40 the system with information regarding the renewed activity 
of the unit within the service area. 

FIGS. 14a-6 are diagrams illustrating, respectively, the 
effect of two masking factor dioices on an identification 
signal such as the illustrated identification signal 75. In this 

45 example, die wireless communication unit has been engaged 
in frequent registrations. The masking factor that has been 
provided to Ae unit is *'0*'. An embodiment of the present 
invention provides "0" as the default masking factor in case 
the controller does not provide the unit with a masking 

50 factor, or as the masking factor to be used when the unit first 
"powers up". As illustrated in FIG. 14a, application of the 
masking factor **(r to identification signal 75 results in the 
unmasked portion comprising the superduster section 78 
including the number die duster section 77 inchiding 

55 the number and the cell section 76 induding the number 
*3'', to-wit: •743". As a result of the masking factor of ^D", 
every time the unit enters a new cell, the unit registers with 
that ceU because the unmasked portion of the cell identifi- 
cation signal differs from the corresponding portion of the 

60 identification signal held in memory. In one embodiment, 
the masking factor is changed by one whole number at a 
time, and thus the controller changes the masking factor 
from "1" to '*2"y or from **2" to '3". In another (anbodimcnt 
the masking factcx' may change by more than one whole 

65 number. As illustrated in HG. 14b, application of the mask- 
ing factor "1** to identification signal 75 results in Ac 
unmasked portion con^)cising the superduster section 78 
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ioduduig the noniber "T and the duster section 77 indud^ 
ing the number •*4", to-wir 74. As a result of a masking 
factor of "1**, the unit registers only upon entiy of a duster 
different from duster *'4". Thus, the registration frequency 
of the unit is reduced. Yet, the location of the unit is known ^ 
to be somewhere within ckusto' "4**. 

In an embodiment of the present invention, the unit may 
l^ovide the controller with an admowledgment that the new 
masking factor has been received. By such 
acknowledgment, synchronization between the controller 
and the wireless communication unit regarding the new 
maslring factor is adiieved. 

FIGS. ISo-c are diagrams illustrating, respectivdy, the 
effect of three masking factor choices on an identification 
signal sudi as the illustrated identification signal 75. The ^5 
masking factor tliat has been provided to the unit is 
Referring to FIG. ISa, application of the masking factor "2" 
to identification signal 75 results in the unmasked portion 
con^sing the supcrclustcr section 78 induding the number 
*7**. As a result of the masking factor of "2", the unit does 20 
not register unless the unit enters a new superdnster. In this 
example, the wirdess communication unit has not registered 
Ks otherwise communicated within a relatively lengthy 
period of time thereby allowing for the assun^on that the 
unit has not travded out of the area conesponding to 25 
superduster 7. Since the unit has not registered within a 
prescribed period of time, the controller provides the unit 
with a new masking factor. As previously stated, preferably, 
the masking factor is changed by only one v^o\& number at 
a time, and thus, in &e example, tiie controller provides the 30 
wireless conomunication unit with a masking factor of "1". 
As illustrated in FIG. 15^, s^lication of the masking factcs* 
"l" to identification signal 75 results in the unmasked 
portion comprising the superduster section 78 induding the 
number '7** and the duster section 77 induding the number 35 
"4", to-wit: 74. As a result of the new masking factor of **1", 
the unit registers upon entry of a duster different from 
duster "4". Thus, the probability of registration of the unit 
is increased. 

If the unit stQl has not registered within a prescribed 40 
period of time, the controller provides the unit with another 
masking factor. Referring to FIG. 15c, in this exaiiq»le the 
unit has been provided with a new masking factor of "O**, 
Application of ttie masking factor "(T to identification signal 
75 results in the unmasked portion comprising the super- 45 
duster section 78 induding the number •7", the cluster 
section 77 induding the number "4**, and the cell section 76 
indudii^ the number **3", to-wit •743**. As a result of the 
masking factor of '*(r, when tiie unit enters a new cell, the 
unit registers with that cdl because the unmasked portion of so 
the cell identification signal differs from the corresponding 
portion of the identification signal held in memoy. Thus, tiie 
probatnlity of registration of the unit is increased. It will be 
understood by those skilled in the ait that additional decision 
steps for determining whether a unit has registered within a 33 
preselected period of time and for providing a new masking 
factcr may be desirable and/or necessary dq>ending upon 
the size of the service area, number of wirdess communi- 
cation units operating in the service area, length of time 
without registration, and other considerations. 60 

FIG. 16 illustrates the general apparatus conqnising a 
wireless communication unit 120 operating in a wireless 
communication system according to the preferred embodi- 
ment When a wirdess communication unit 120 enters a cell 
of the service area, the unit reads the identification signal of 65 
the cell where the unit is located by monitoring tiie strongest 
control channel transmitted by the cell Wirdess communi- 
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cation unit 120 conqnises an antenna 121, a recdver 122, 
and a transmitter 123. Receiver 122 has an audio output 126 
and a data output 124. lYansmitter 123 has an audio input 
127 and a data input 130. The construction and q)eration of 
antenna 121, receiver 122, and transmitter 123 are conven- 
tional in nature. 

Wireless cammunication unit 120 also comprises a con- 
troller 125. With the exception of the improvements 
described herein relating to the present invention, tiie con- 
struction and operation of a controller 125 for a wireless 
communication unit 120 is well known. Controller 125 
comprises an "ID of current celT register oc memory space 
135, an "ID of cell of last registration" register q£ memoy 
space 136, and a ^'mask" register cr menooiy space 137. The 
outputs of cell ID registers 135 and 136 are connected to 
inputs of AND gates 140 and 141, respectivdy. Also, the 
ou^t of mask register 137 is connected to inputs <tf AND 
gates 140 and 14L AND gates 140 and 141 theref(H-e 
perform the function of masking the unneeded parts of the 
cell ID. The ou^uts of gates 140 and 141 are therefore the 
masked oirrent cdl ID and the masked ID of cell of last 
registration, respectively. The ou^uts of gates 140 and 141 
are connected to tiie inputs of an exdusive OR gate 142. 
Gate 142 performs a oon^arison of the nusked cell ID*s. If 
the masked cell ID' s are identical then the ou^ut of gate 142 
will be a logic 'X)". If tiie masked cdl ID's arc different in 
any re^ct then the output of gate 142 will be a logic "1**. 
Thus, the output of gate 142 indicates whether registration 
is required or not 

If registration is not required then contrdler 125 wiU 
continue reading the ID of the current cell and any new 
masking factor provided via receiver 122, storing this infcr- 
mation in register 135 and 137, as required, and performing 
the comparison. 

If registration is required then controller 125 will send 
registration data to transmitter 123, vMdd will broadcast the 
registration data via antenna 121. Controller 125 will also 
cause the ID of the cunent cell to be stored in the last 
registration register 136, thereby updating register 136. 
Controller 125 will then continue reading the ID of die 
current cell and any new masking factor provided via 
recdver 122, storing this information in register 135 and 
137, as required, and performing the con[^>arison. 

For ease of illustration, only single gates 140, 141 and 142 . 
are shown. However, it will be ^jpredated that the cdl ID 
numbers are several bits long and therefore bit-by-bit mask- 
ing and coniq>arison are required and are preferably accom- 
plished via a paralleled plurality of gates. Also, it will be 
appreciated that controUo' 125 is typically a microprocessor 
and components 135-137, 140-142 and connections 
betwcra these components are provided by the proper 
programming of controller 125. 

In an embodiment, a default identification signal may be 
held in ID memory 136 instead of the identification signal 
where the unit last registered if the unit has been turned off 
since its last registration, if the unit has never before entered 
the service area of the systeni, cr if flie unit has been absent 
from the service area for a predetermined period of time. In 
an embodiment, the mask memory 137 has a default mask- 
ing factor for use when the unit is turned on, when the unit 
first enters the service area of the system, or when the unit 
re<nters the service area of the system after a predetermined 
period of time of absence diercof. 

Referring now to the drcumstances, when wireless com- 
munication unit 120 changes its location to a different cell, 
the unit recdves the identification signal of the different celL 
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As before, the identificatloii signal oi the different cell is 
provided to <^ent ID register 135. The masking factor is 
then applied. Gate 142 compares the corresponding portions 
of the identification signals of the cell of last registration and 
the current cell to determine whether there is a difference 
between them. If there is no difference, unit 120 continaes 
to monitor the strongest paging channel of the cell whae the 
unit is located. If a difference exists, then the predetermined 
spatial relationship is present and as before, results in 
registration of unit 120 in the current cell. After registration 
in the current cell, the current cell identification signal is 
substituted in ID memcHy 136 as the identification signal of 
the cell where the unit last registered. Thus, these steps are 
repeated whenever unit 120 receives an identification signal 
of a cell in the area serviced by the system. 

As noted above, wireless communication unit 120 may be 
provided with a new or different masking factor from the 
controller of the wireless communication system in order to 
induce the unit to register or to minimize the number of 
registrations of the unit 

The prefeired embodiment of the present invention has 
been disclosed by way of example and it will be understood 
that other modifications may occur to those skilled in the ait 
without departing from the scope and the spirit of the 
appended dalms. 

I claim: 

1. A method <^ operating a wireless communication unit 
in a wireless communication system servicing a geogr^hic 
area divided into cells, eadi cell having a base station, 
con^dsing the steps of: 
receiving a control signal from a base station in a first cell, 
wherein said control signal of said first cell comprises 
an identification signal unique to said first cell; 
applying a masking factor to said identification signal of 35 
said first cell to provide a portion of said identification 
signal; 

registering said wireless communication unit in said first 
cell; 



comprises determining that said preselected relationship is 
present when said portion of said identification signal of said 
first cell differs from said portion of said identification signal 
of said second celL 

5. A method of operating a wireless communication unit 
in a wireless coimmmication system servicing a geographic 
area divided into cells, each cell having a base station, 
comprising the steps of: 

receiving a control signal from a base station in a first cell, 
herein said control signal of said first cell oonqnises 
an identificarion signal unique to said first cell; 
registering said wireless communication unit in said first 
cell; 

receiving a control signal from a base station in a second 
cell, wherein said control signal of said second ccU 
coitqirises an identification signal unique to said second 
ceU; 

performing a comparison of said identification signal of 
said first cell to said identification signal of said second 
cell to obtain a product; 
applying a masking factor to said product to determine a 

portion of said product; 
determining on the basis of said comparison whether said 
fir^ cell and said second cell exist in a preselected 
relationship; and 
if said preselected relationship is present, then registering 
said wireless communication unit in said second cell. 

6. The method of claim 5, wherein said step of detennin- 
ing that said preselected relationshp is present when said 

30 portion of said product is a predet^iined value. 

7. ITie me&od of claim 5, v^erein said step of comparing 
said identification signals to obtain said product comprises 
adding said identification of said first cell to said identifi- 
cation signal of said second cell to obtain said product 

8. A method of opoating a wireless communication unit 
in a wireless communication system servicing a geographic 
area divided into cells, each cell having a base station for 
transmitting an identification signal which identifies that 
particular cell and the relationship of that particular cell to 
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receiving a control signal from a base station in a second ^ other cells of said area, comprising the steps of: 



cell, wherein said control signal of said second cell 
comprises an identification signal unique to said second 
ceU; 

determining a portion of said identification signal of said 
second cell, said portion of said identification signal of 
second cell corresponding to said portion of said iden- 
tification signal of said first cell; 

performing a comparison between said control signal of 
said first cell and said control signal of said second cell; 

d^ermining on the basis of said comparison whether said 
first cell and said second cell exist in a preselected 
relationship; and 

if said preselected relationship is present, then registering 
said wireless conmiunication unit in said second cell. 

2. The method of claim 1, wherein said step of determin- 
ing said portion of said identification signal of said second 
cell comprises applying said masking factor to said identi- 
fication signal of said second cell to determine said portion 
of said identification signal of said second cell 

3. The method of daim 1, wherein said step of performing 
said comparison con^nises comparing said portion of said 
identification signal of said first cell to said portion of said 
identification signal of said second cell. 

4. The method of claim 3, wherein said step of detemnin- 65 
ing on the basis of said comparison whefiier said first cell 
and said second cell exist in said preselected relationship 
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receiving an identification signal from a base station in a 
first ceU; 

registering said wirdess communication unit in said first 
cell; 

applying a masking factor to said identification signal of 
said first cell to provide a portion of said identification 
signal of said first cell; 

receiving an identification signal from a base station in a 
second cell; 

applying said masking factor to said identification signal 
of said second ceD to provide a portion of said identi-. 
fication signal of said second ceJl; 

performing a comparison between said portion of said 
identification si^al of said first cell and said portion of 
said identification signal of said second cell; 

determining on the basis of said con^arison whether said 
first cell and said second cell exist in a preselected 
relationship; and 

if said preselected relationshq) is present, then registering 
said wireless communication unit in said second cell. 

9. The method of daim 8, further conqnising the step of: 

after said step of registering said wirdess communication 
unit in said second cell, applying a different masking 
factor to said identification signal of said second cell to 
provide said portion of said identification signal of said 
second cell. 
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10. The me&od of claim 8, fiuthcr oon^siQg the step of signal of said first cdi and to apply to said identification 
receiving said masking factor from said base station of said signal of said second cell to determine apoition of said 
first cell or said base station of said second cell. identification signal of said second cell; and 

11. The mcdiod of claim 1 or 8, further comprising the registering said wireless oomnmnication unit in said sec- 
stq)s of: 5 ond cell if a con^arison peifonned by said wireless 

determining whether at least a preselected time has passed communication unit between said portions results in a 

since a most recent registration of said wiidess com- determination that said first cell and said second cell 

munication unit; and exist in a preselected relationship. 

if said preselected time has passed, then registering said method of daim 13, furthca- comprising the step 
wireless communication unit in said second cdl or in 

the cell of location of said unit, if said cell of location after said st^ of registering said wkeless communication 

is different fi^om said second cell. i° said second cell, providing said wireless com- 

12. The method of daim 1 or 8. further comprising the munication unit with a different masking factor to apply 
steps of: to said identification signal of said second cell to 

deterimningwhetheratleastapreselectedtimehaspassed determine said^p^^ of said identification signal of 

since a most recent registration of said wireless com- ^J~^ second ceU. 

munication unit; and ^® «^ ^' comimfimg the steps 

ofi 

if said preselected time has passed then snbstitutiog a ". . . . j. ^t. _ i _ j^. l j 

differrntmaskiog faciei far said masldng factor „ «ietetiniiuiig whether at Icart a preelwted^^ 

13. A method of Luaging a wireless. c™nication recent «gistrato)n of said wireless com- 

. . . 1 1 . ^ » mumcation unit; and 
system servicmg wireless communication units operating In 

a geographic area divided into ceUs, each ceU having a base ^ preselected time has passed, then registering said 

station for transmitting an identification signal whidi iden- """^^^ communication unit in said second ceU a: in 

tifies that particular cdl and the relationship of that paiticu- ^ the of location of said 

larceU to other cells of said area, comprising the steps of: is different from sdd second 

^ .J ^ . rZ. Z . 16. The method of daim 13, further comprismg the stqjs 

transimttmg anidentification signal nx)m a base station in *- a r 

a first cdl, determining whether at least a preselected time has passed 

registering a wnrdess communication unit in said first ^ registration of said wireless com- 

munication unit; and 

transmitting an identification signal from a base station in if said prcsdected time has passed, then providing said 

a second cell; wireless communication unit with a different masking 

providing said wireless communication unit with a mask- factor, 
ing factor to apply to said identification signal of said 

first cell to determine a portion of said identification « « « « « 
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